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DEPARTMENT OF TRANSPORTATION 
FEDWAL AVIATION ADMI N l S l R A T l O N  

SPECIFICATION 

AIRPORT SURVEILLANCE RADAR (ASR) TRANSMITTER RECEIVER (T/R) SUBSYSTEM 

1. SCOPE 

1.1 Scope.- The equipment specified herein is the radar transmitter/receiver 
(T/R) subsystem of an Airport Surveillance Radar (ASR) system capable of 
providing rho-theta information on aircraft targets within a 60 nautical 
mile radius centered on the radar. The target rho-theta information is 
normally transmitted via coaxial cable or microwave link to a terminal 
control facility where it is displayed or utilized in some other manner 
for control of air traffic. The T/R subsystem consists of dual radar 
channels, an antenna unit, a control unit, and other required ancillary 
items. Major units of each radar channel are a transmitter, receiver, 
reply processor and necessary control circuits. The equipment may be 
installed in transportable buildings (each channel in a separate but 
colocated building) or in a single, fixed building. Design features 
are included to permit installation in either of the above types of 
facility; to permit interface with radar beacon, microwave link and 
other associated equipment; and to provide performance, reliability and 
maintainability characteristics consistent with the stringent requirements 
of air traffic control. 

2. APPLICABLE DOCUMENTS 

2.1 FAA Specifications.- The following FAA specifications of the issues 
specified in the invitation for bids or request for proposals form a part 
of this specification: 

FAA-D-638 Instruction Book~s, Electronic Equipment 



E l e c t r o n i c  Equipment, General Requirements 
P a r t  1, Basic  Requirements f o r  A l l  Equipments a 
P a r t  3 ,  Requirements f o r  Equipments Employing 
Semiconductor Devices 

P a r t  4,  Requirements f o r  Equipments Employing 
P r in t ed  Wiring Techniques 

P a r t  5, Requirements f o r  Equipments Employing 
Microe lec t ronic  Devices 4 

Z 

2.2 M i l i t a r y  s tandards . -  The fol lowing M i l i t a r y  s t anda rds ,  of t h e  i s s u e s  
i n  e f f e c t  on d a t e  of i n v i t a t i o n  f o r  b i d s  o r  r eques t  f o r  proposa ls ,  form a - - 

p a r t  of t h i s  s p e c i f i c a t i o n ,  and a r e  a p p l i c a b l e  - t o  t h e  e x t e n t  s p e c i f i e d  here in :  

Requirements f o r  R e l i a b i l i t y  Program 
(For Systems and Equipments) 

Electromagnet ic  I n t e r f e r e n c e  Tes t  Character-  
i s t i c s  Requirements f o r  Equipment 

M a i n t a i n a b i l i t y  Program Requirements (For 
Systems and Equipments) 

2 . 3  FAA drawings.- The fo l lowing  FAA drawings form a p a r t  of t h i s  s p e c i f i -  
c a t i o n  t o  t h e  e x t e n t  s p e c i f i e d  he re in :  

D-5419-1 through 12,  A i r p o r t  Su rve i l l ance  Radar, ASR-4 through ASR-7 
Tower, Design and I n s t a l l a t i o n  D e t a i l s  

2 .4  Naval Research Laboratory (NRL) Report.- The fo l lowing  NRL r e p o r t  forms 
a p a r t  of t h i s  s p e c i f i c a t i o n  and i s  a p p l i c a b l e  t o  t he  e x t e n t  s p e c i f i e d  he re in :  

A Guide t o  Basic  Pulse-Radar Maximum - Range Ca lcu la t ion ,  da ted  
December 23, 1969 

2 .5  FAA s tandard . -  The fo l lowing  FAA s tandard  of t h e  i s s u e  s p e c i f i e d  i n  t he  
i n v i t a t i o n  f o r  b i d s  o r  r eques t  f o r  proposa ls  forms a p a r t  of t h i s  s p e c i f i c a t i o n :  

FAA-STD-013 Qua l i t y  Control  Program Requirements 

Copies of t h i s  s p e c i f i c a t i o n  and o t h e r ' a p p l i c a b l e  FAA s p e c i f i c a t i o n s ,  s t anda rds ,  
and drawings may be obta ined  from t h e  Cont rac t ing  O f f i c e r  i n  t he  Federa l  
Avia t ion  Adminis t ra t ion  o f f i c e  i s s u i n g  the  i n v i t a t i o n  f o r  b i d s  o r  r eques t  
f o r  proposa ls .  Requests should f u l l y  i d e n t i f y  m a t e r i a l  d e s i r e d ,  i . e . ,  spec i -  
f i c a t i o n ,  s t anda rd ,  and drawing numbers and d a t e s .  Requests should c i t e  t he  
i n v i t a t i o n  f o r  b i d s ,  r e q u e s t  f o r  proposa ls ,  o r  t h e  c o n t r a c t  involved o r  o t h e r  
use t o  be made of t h e  reques ted  ma te r i a l .  Informat ion  on ob ta in ing  copies  of 
Federa l  s p e c i f i c a t i o n s  and s t anda rds  may be obta ined  from General Se rv i ces  
Adminis t ra t ion  o f f i c e s  i n  A t l a n t a ;  Auburn, Washington; Boston; Chicago; Denver; 
F o r t  Worth; Kansas C i t y ,  Mo.; Los Angeles; New York; and Washington, D. C .  



Requests for copies of Military specifications and standards should be 
addressed to Commanding Officer, Naval Supply Depot, 5801 Tabor Ave,, 
Philadelphia, Pa. 19120. 

Copies of the NRL report may be obtained from the National Technical 
Information Service, Springfield, Virginia 22151. The accession 
number ts AD 701-321. 

3. REQUIREMENTS + 
3.1 Definitions 

v 3.1.1 Principal azimuth plane.- The principal azimuth plane is a plane 
which includes (1) the line of maximum radiation from the antenna, and 
(2) an intersecting horizontal line which is normal to the line of 
maximum radiation. This definition assumes the antenna to be in the 
normal operating position. 

3.1.2 Prktlcipal elevation plane.- The principal elevation plane is a 
vertical plane passing through the center of the reflector and including 
the line of maximum radiation from the antenna in its normal operating 
position. 

3.1.3 Local and remote.- The words "local" and "remote" used herein 
refer to the transmitter/receiver site and air traffic control/indicator 
sites, respectively. 

3.1 .4  Preheat.- In this specification, preheat refers to those circuits 
- - -- 

and functions which must be energized, sequenced, and stabilized before 
the transmitter high voltage may be applied. 

3.1.5 Radiating and standby channels.- The radiating or active channel 
is defined as the channel connected to the antenna. The standby channel 
is the channel connected to the RF dummy load. 

3.1.6 MTI improvement factor (I).- The MTI improvement factor is a 
power ratio which is defined as I = r /ri where r, is the output ratio 

0 
of target to clutter and ri is the target-to-clutter ratio at the input 
to the receiver, averaged overall target speeds. 

3.1.7 Subclutter visibility (SCV) .- The subclutter visibility (SCV) of 
a radar system is a measure of its ability to detect moving-target signals 
superimposed on clutter signals. A radar with 20 db SCV, for example, 
can detect an airplane flying over clutter whose signal return is 100 
times stronger. 

3.2 Service conditions.- The service conditions shall be those given 
in 1-3.2.23 of FAA-G-2100/1. Ambient conditions shall be as follows: 
Environment 11, except antenna assembly and associated equipment which 
shall be Environment 111. The equipment shall operate from three-phase, 
four-wire AC line. The design center value shall be 208V phase-to-phase, 
120V phase to neutral. 



3.3 System performance and b a s i c  design.- I n  add i t ion  t o  meeting a l l  
indiv idual  requirements spec i f i ed  here in ,  the  complete system s h a l l  
perform and be designed and f a b r i ~ a t e d  i n  accordance wi th  subparagraphs 
hereunder. I 

3.3.1 System descr ip t ion . -  The radar  t r a n s m i t t e r / r e c e i v e r  subsystem 
s h a l l  be a s o l i d  s t a t e ,  pulse  modulated rada r  operat ing i n  the  2.7 t o  
2.9 GHz band. ~ i ~ i t a l - k ~ ,  capable of opera t ion  i n  both a staggered 
and an unstaggered mode, s h a l l  be provided. A dual  high-low beam 
antenna (3.8, 3.9) s h a l l  be provided t o  extend low-angle coverage and 
improve s h o r t  range s ignal - to-c lu t ter  r a t i o .  C i rcu la r  p o l a r i z a t i o n  
and log  rece ive r s  a r e  spec i f i ed  t o  improve opera t ion  under adverse 
weather condit ions.  Capabi l i ty  f o r  simultaneous opera t ion  of both 
channels i n  a dual  frequency d i v e r s i t y  mode (3.13) i s  required.  
D i g i t a l  video enhancers (3.14.3) f o r  both MTI and normal video s h a l l  
be provided t o  improve s ignal - to-noise  r a t i o .  Modular cons t ruct ion  
s h a l l  be employed throughout t h e  system t o  t h e  ex ten t  p r a c t i c a b l e  t o  
f a c i l i t a t e  maintenance. Sol id  s t a t e  design s h a l l  be employed throughout 
the  system. Except f b r  t h e  t r a n s m i t t e r  output  tube, cathode rav  tubes. 

and TR tube,  use of vacuum tubes w i l l  require t h e e x p r e s s ,  
wr i t t en  permission of the  Contract ing Off icer .  

3.3.2 System coverage.- A demonstration of system coverage by means 
of a f l i g h t  check i s  not  requi red;  i n  l i e u  of t h i s ,  t he  con t rac to r  
s h a l l  prove the  required maximum coverage by means of ca lcu la t ions .  
These c a l c u l a t i o n s  s h a l l  be furnished p r i o r  t o  acceptance of t h e  f i r s t  
system. Calcula t ions ,  u t i l i z i n g  measured system parameters except f o r  
t h e  cons tants  provided here in ,  s h a l l  be performed i n  accordance with 
NRL Report 6930, "A Guide t o  Basic Pulse  - Radar Maximum - Range 
Calculation", da ted  23 December 1969. Such c a l c u l a t i o n s  s h a l l  i n d i c a t e  
de tec t ion  of a t a r g e t  of one square meter r ada r  cross  s e c t i o n  with a 
p r o b a b i l i t y  of de tec t ion  of 0.8 a t  a range of 55 n a u t i c a l  miles. The 
t a r g e t  is  assumed t o  be a t  t h e  nose of t h e  low-beam r a d i a t i o n  p a t t e r n ;  
the  r ada r  i s  assumed t o  be opera t ing  i n  l i n e a r  p o l a r i z a t i o n  and with a 
s i n g l e  channel r ad ia t ing .  Swerling Case 1 t a r g e t  f l u c t u a t i o n  and 
f a l s e  alarm p r o b a b i l i t y  s h a l l  be assumed. Format f o r  t h e  c a l c u l a t i o n s  
s h a l l  be t h e  work shee t  on page 94 of t h e  Blake repor t .  Supporting 
c a l c u l a t i o n s  and ind iv idua l  measured parameters s h a l l  be included. 

3.3.3 System performance +harac te r i s t i c s . -  The following parameters 
summarize t h e  c h a r a c t e r i s t i c s  of t h e  system, and are t h e  minimum 
acceptable;  improvenients i n  c e r t a i n  a r e a s  may be requi red  due t o  system 
losses ,  etc . ,  i n  ord.er t o  provide t h e  coverage of 3.3.2. These char- 
a c t e r i s t i c s  a r e  f o r  s i n g l e  channel operat ion.  

Transmit ter  peak power 
( a t  antenna s i d e  of d ip lexe r )  

Pulse  width 

Average PRF 

~ a d i a t e d  frequency 

1 3  

0.6 5 0.05 us 

1030 PPS 

2700-2900 MHz 



R e  ce i v e  r 

Noise F igure  (measured a t  an tenna  s i d e  
of c i r c u l a t o r )  

Minimum D i s c e r n i b l e  S igna l  (MDS) 

Normal r e c e i v e r  

MTI r e c e i v e r  

Normal l og  r e c e i v e r  

MTI log  r e c e i v e r  

Antenna 

Power Gain. r e l a t i v e  t o  

Main (low) 
Beam 

i s o t r o p i c  source  33.5 dB min. 

Azimuth Beamwidth, p r i n c i p a l  
azimuth p l ane ,  - 3  dB 1.35' min. 

E l eva t ion  Beamwidth, -3  dB 4.8' min. 

P o l a r i z a t i o n  - S e l e c t a b l e ,  
v e r t i c a l  c i r c u l a r  

Ro ta t i on  Rate - 12.5 RE'M 

MTI System 

Dual d i g i t a l  c a n c e l l e r s  w i t h  feedback 

MTI improvement f a c t o r  34 dB 

S u b c l u t t e r  v i s i b i l i t y  28 dB 

F i r s t  t r u e  b l i n d  ?peed 
( s t a g g e r  ope rat ion)  800 kno t s  

FAA-E- 2506 

Not more t han  1.0 dB 
below t h e  normal 
1 i n e a r  r e c e i v e r  

Not more t han  2.0 dB 
below l i n e a r  MTI 
re ce i v e  r 

Pas s ive  (h igh )  
Beam 

32.5 dB min. 

0 4.8 min. 

3.3.4 System i n t e r f a c e . -  The system s h a l l  i n t e r f a c e  l o c a l l y  w i t h  r a d a r  beacon 
equipment;  l and  l i n e s  up t o  20',000 f e e t  i n  l eng th ;  o r  a microwave l i n k  
capable  of t r a n s m i t t i n g  v ideo  i n  a broad band mode. Remote con t r , o l  of t h e  
system is requi red .  Video l i n e  compensators s h a l l  be provided f m  use 
wi th  land l i n e  remoting. 

3.3.5 System opera t ion . -  Continuous, unat tended o p e r a t i o n  of th,e T/R sub- 
system ove r  t h e  range of t h e  s e r v i c e  c o n d i t i o n s  (3.2) i s  requirczd. 
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3.4 Equipment c o n f i g u r a t i o n  and o p e r a t i n g  modes.- 

3.4.1 Conf igura t ion . -  The s t anda rd  T/R subsystem s h a l l  be a  complete dua l  
channel f a c i l i t y  wi th  both channels  working i n t o  a common antenna.  The 
equipment may be i n s t a l l e d  i n  a  t r a n s p o r t a b l e  o r  a  f i x e d  type  bu i ld ing ,  
n e i t h e r  of which is  s p e c i f i e d  here in .  The t r a n s p o r t a b l e  bu i ld ing  i s  i n  
a c t u a l i t y  two h a l f  b u i l d i n g s ,  each h a l f  being approximately 12 f e e t  wide 
by 40 f e e t  long,  and wi th  t h e  two ha lves  joined a long  t h e  long s ide .  The 
T/R equipment s h a l l  i nco rpo ra t e  des ign  f e a t u r e s  t o  f a c i l i t a t e  i n s t a l l a t i o n  
of one of t h e  dua l  channels  i n  each  h a l f  of t h e  t r a n s p o r t a b l e  bu i ld ing ,  and 
t o  r e a d i l y  connect t h e  two channels  t o g e t h e r  i n t o  a complete dua l  channel 
f a c i l i t y .  Such f e a t u r e s  inc lude  but are not  l i m i t e d  t o  a  j unc t ion  box f o r  
each T/R channel f o r  t e rmina t ion  of a l l  i n t e r channe l  w i r ing ,  a  common 
junc t ion  box f o r  connect ion of wi r ing  t o  a s s o c i a t e d  equipments and t h e  
o u t s i d e  world,  e t c .  The f i x e d  b u i l d i n g  w i l l  provide roughly t h e  same f l o o r  
space as t h e  t r a n s p o r t a b l e  bu i ld ing .  The c o n t r a c t  schedule  w i l l  s p e c i f y  
whether a f i x e d  o r  t r a n s p o r t a b l e  bu i ld ing  i s  t o  be employed; i n  e i t h e r  ca se ,  
t h e  c o n t r a c t o r  s h a l l  submit h i s  proposed equipment lgyout  t o  t h e  Government 
a t  t h e  t i m e  s p e c i f i e d  i n  t h e  c o n t r a c t  schedule  f o r  review and approva l  by 
t h e  c o n t r a c t i n g  o f f i c e r .  

3.4.2 Antenna tower.- The r a d a r  antenna s h a l l  be designed t o  be compatible 
with t h e  ASR tower des ign  p r e s e n t l y  i n  use by t h e  Government, and descr ibed  
by FAA drawing s e r i e s  D-5419, s h e e t s  1 through 12. Any proposed changes 
t o  t h i s  tower des ign  s h a l l  be submit ted t o  t h e  Government, t o g e t h e r  wi th  
j u s t  i f  i c a t  ion t h e r e f o r e ,  f o r  review and approval .  

3.4.3 Opera t ing  modes.- The c a p a b i l i t y  t o  o p e r a t e  both channels  s imul taneous ly  
i n t o  a  common an tenna  i n  a  f requency d i v e r s i t y  mode s h a l l  be provided (3.13).  
Staggered PRF s h a l l  normally be employed. It s h a l l  be p o s s i b l e ,  however, t o  
remove e i t h e r  channel from t h e  an tenna  and t e rmina t e  it  i n t o  a dummy load by 
a c t u a t i o n  of a s i n g l e  c o n t r o l  func t ion .  Likewise,  it s h a l l  be p o s s i b l e  on a 
system b a s i s  t o  o p e r a t e  on an unstaggered PRF by a c t u a t i o n  of a s i n g l e  c o n t r o l  
func t ion .  When i n  t h e  unstaggered mode of o p e r a t i o n ,  t h e  PRF s h a l l  be d e t e r -  
mined by any one of t h e  s taggered  pe r iods  as set up by w i r e  s t r a p  o r  similar 
semi-permanent means. The e n t i r e  s e t  of s t agge red  pe r iods  s h a l l  be v a r i a b l e  
as s p e c i f i e d  i n  3,,14.1 by changing t h e  b a s i c  c lock  frequency.  Radia t ing  
f r equenc i e s  and PIVs f o r  each system w i l l  be f u r n i s h e d  t o  t h e  c o n t r a c t o r  at 
i e a s t  120 days p r ~ i o r  t o  d e l i v e r y .  

3.5 R e l i a b i l i t y  and M a i n t a i n a b i l i t y  Programs.- The c o n t r a c t o r  s h a l l  p lan  and 
implement r e l i a b i l i t y  and m a i n t a i n a b i l i t y  programs i n  accordance w i th  
MIL-STD-785 and MIL-STD-470, r e s p e c t i v e l y .  The programs s h a l l  be modified 
a s  noted h e r e i n  to meet t h e  d e t a i l  requirements  of t h i s  s p e c i f i c a t i o n  as 
d e l i n e a t e d  by t h e  r e l i a b i l i t y ,  m a i n t a i n a b i l i t y ,  and a v a i l a b i l i t y  requirements  
s t i p u l a t e d  he re in .  

The ASR r e l i a b i l i t y  s h a l l  be such t h a t ,  i n  conjunc t ion  wi th  achievement of 
t h e  m a i n t a i n a b i l i t y  requirement ,  t he  ASR a v a i l a b i l i t y  requirement  s h a l l  be 
met. Maximum u t i l i z a t i o n  s h a l l  be made of s t anda rd  p a r t s ,  m i c r o c i r c u i t s  
and semiconductors; wi th  proven r e l i a b i l i t y  h i s t o r i e s .  No p a r t  o r  element 
of t he  equipment s h a l l  be a p p l i e d  s o  t h a t  r a t e d  s t r e s s e s  a r e  exceeded under 
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any combination of o p e r a t i n g  and environmental  cond i t i ons  s p e c i f i e d  he re in .  
S tandard  p a r t s  a r e  t hose  p a r t s  de s igna t ed  i n  t he  FAA-G-2100 s e r i e s  of 
documents. Nonstandard p a r t s  (NSPs) are those  p a r t s  no t  c a l l e d  ou t  i n  t he  
FAA-G-2100 documents. 

Where nonstandard p a r t s  are demonstrated t o  be necessary  i n  t he  des ign ,  
approva l  must be secured  from t h e  c o n t r a c t i n g  o f f i c e r .  Such:.approval might 
r e q u i r e  t h e  complete q u a l i f i c a t i o n  of t h e  dev ice ,  i t e m  o r  p a r t  i f  i n s u f f i c i e n t  
h i s t o r i c a l  d a t a  and usage war ran t s  it .  

The ASR s h a l l  be designed t o  be maintained wi th  a minimum of e x t e r n a l  test 
equipment and w i t h  s t anda rd  hand t o o l s .  Cor rec t ive  maintenance s h a l l  be 
e f f e c t e d  t o  t h e  maximum e x t e n t  p o s s i b l e  by replacement of d e f e c t i v e  modules 
o r  PC c a r d s  w i t h  subsequent  r e p a i r  of t h e  d e f e c t i v e  i t e m s  o f f - l i n e .  
Requirements f o r  ad jus tments  s h a l l  be kept  t d  a minimum. The des ign  s h a l l  
maximize i n t e r c h a n g e a b i l i t y  a n d  minimize t h e  need f o r  tun ing  and /o r  a d j u s t -  
ment. Every a t t empt  s h a l l  be made t o  l i m i t  t h e  v a r i e t y  of modules, PC boards ,  
e t c . ,  used i n  t h e  system through des ign  s t a n d a r d i z a t i o n  techniques .  

3.5.1 D e f i n i t i o n s  a p p l i c a b l e  t o  S e c t i o n  3.5 - The r e l i a b i l i t y ,  a v a i l a b i l i t y ,  
and m a i n t a i n a b i l i t y  d e f i n i t i o n s  used i n  t h i s  s p e c i f i c a t i o n  are t h o s e  of 
MIL-STD-721B wi th  a d d i t i o n s  o r  mod i f i ca t i ons  as noted below: 

Mean- t ime- to- res tore  (MTTR) . -  The mean t i m e  t o  r e s t o r e  t o  a n  
o p e r a t i o n a l  c o n d i t i o n  a f u n c t i o n  t h a t  h a s  f a i l e d .  The ;if unc t  ion  
may be r e s t o r a b l e  by c o r r e c t i v e  maintenance r e p a i r ,  s u b s t i t u t i o n  
of module o r  board replacement ,  o r  redundancy takeover .  

A v a i l a b i l i t y  - The p r o b a b i l i t y  of s p e c i f i e d  o p e r a b i l i t y  a t  any 
i n s t a n t  i n  t i m e  over  t h e  s e r v i c e  l i f e  of t h e  equipment. For  
purposes  of t h i s  s p e c i f i c a t i o n ,  t h e  a v a i l a b i l i t y  s h a l l  be such 
t h a t  du r ing  any t h r e e  ( 3 )  months i n t e r v a l ,  t h e  maximum u n a v a i l a b i l i t y  
s h a l l  no t  exceed 25% of t h e  mean u n a v a i l a b i l i t y ,  where u n a v a i l . a b i l i t y  
e q u a l s  ( 1 - a v a i l a b i l i t y ) .  Allowed p r e v e n t a t i v e  maintenance t imes  s h a l l  
no t  be counted as unava i l ab l e  pe r iods  provided t h e  requirement  t o  
reach  an ope rab l e  s t a t e  is always m e t .  

Mean-t ime-to-repair  - As  de f ined  by MIL-STD-721 except  that: from the  
mean r e p a i r  times gene ra t ed  du r ing  t h e  m a i n t a i n a b i l i t y  demons t ra t ion  
t h e  maximum a t  t h e  upper 90 p e r c e n t i l e  o r  h i g h e r  s h a l l  not exceed 
t h r e e  ( 3 )  t i m e s  t h e  mean. 

S e r v i c e  l i f e  - In tended  minimum u s e f u l  l i f e  of equipment. Sho r t  l i f e  
i tems are r ep l aced  on a scheduled b a s i s  under  t h e  p r e v e n t a ~ t i v e  
maintenance plan.  

3.5.2 Fa i lu re s . -  ASR f a i l u r e s  f a l l  i n t o  two c a t e g o r i e s :  f u n c t i o n a l  f a i l u r e s  
and equipment f a i l u r e s .  

3.5.2.1 Func t iona l  F a i l u r e s . -  .Funct ional  f a i : l u r e s  are those  f a i l u r e s  which 
cause e i t h e r  t h e  complete o r  p a r t i a l  l o s s  of 41 f u n c t i o n e ~ l  c a p a b i l i t y .  
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3.5.2.2 Equipment f a i l u r e s . -  Equipment f a i l u r e s  a r e  "black box", module, 
c a rd ,  o r  p a r t  f a i l u r e s  whose impact upon t h e  system f u n c t i o n s  may va ry  
from a minor maintenance a c t i o n  t o  c a t a s t r o p h i c .  For  example, t h e  f a i l u r e  
of a  power supply whose redundant u n i t  t a k e s  over  au toma t i ca l l y  wi th  no 
system down t i m e  i s  on ly  an equipment f a i l u r e .  However, the  random o r  
c a t a s t r o p h i c  f a i l u r e  of an an tenna  o r  antenna p e d e s t a l  which t e rmina t e s  
a l l  RF t r ansmis s ions  i s  both an  equipment and f u n c t i o n a l  f a i l u r e .  

3.5.3 R e l i a b i l i t y  Program 

3.5.3.1 Program plan.-  The c o n t r a c t o r  s h a l l  p repare  and submit f o r  
approva l ,  a r e l i a b i l i t y  program p l an  i n  accordance wi th  MIL-STD-785. 
The r e l i a b i l i t y  prog'ram p lan  s h a l l  be submit ted w i th  t h e  t e c h n i c a l  
p roposa l  and updated w i t h i n  90 days a f t e r  award of c o n t r a c t .  

3.5.3.2 R e l i a b i l i t y  management.- The c o n t r a c t o r  s h a l l  have one c l e a r l y  
i d e n t i f i e d  o r g a n i z a t i o n a l  e lement  which w i l l  be r e s p o n s i b l e  f o r  t h e  
planning and management of t h e  r e l i a b i l i t y  program s p e c i f i e d  h e r e i n  and 
f o r  i n s u r i n g  i t s  e f f e c t i v e  execut ion .  The i n d i v i d u a l  des igna ted  as head 
of t h i s  r e l i a b i l i t y  management o r g a n i z a t i o n  s h a l l  have t h e  necessary  
a u t h o r i t y  and r e sou rces ,  and r e p o r t  a t  a  l e v e l  having f u l l  r e s p o n s i b i l i t y  
f o r  t h e  c o n t r a c t  e f f o r t  t o  enable  him t o  implement and en fo rce  t h e  
requirements  s p e c i f i e d  he re in .  

3.5.3.3 Program t a sks . -  The r e l i a b i l i t y  program s h a l l  i nc lude  a l l  t h e  
elements  of MIL-STD-785 wi th  t h e ' f o l l o w i n g  t a s k s  modified as i n d i c a t e d  
i n  t h e  paragraphs t h a t  fol low.  

3.5.3.3.1 D e s i ~ n  Reviews.- The r e l i a b i l i t y  program p lan  s h a l l  inc lude  
des ign  reviews of t h e  T/R subsystem, i t s  f u n c t i o n s  and equipment. They 
s h a l l  inc lude  as a minimum, but no t  n e c e s s a r i l y  be l i m i t e d  t o ,  a conceptual  
o r  p re l iminary  des ign  review and a c r i t i c a l  ( p r edes ign  r e l e a s e  t o  manu- 
f a c t u r i n g )  des ign  review. Other  reviews may be c a l l e d  a s  necessary  e i t h e r  
by t h e  c o n t r a c t o r  o r  t h e  Government. The Government s h a l l  p a r t i c i p a t e  
i n  a l l  reviews.  These reviews s h a l l  be scheduled as p a r t  of t h e  T/R 
subsystem des ign  reviews.  The c o n t r a c t o r  s h a l l  n o t i f y  t h e  Government of 
any des ign  reviews a t  least t e n  (10)  working days p r i o r  t o  t h e i r  occurence 
and submit complete d a t a  packages a t  t i m e  of n o t i f i c a t i o n .  I tems t o  be 
covered as a  minimum i n  t h e  conceptual  and c r i t i c a l  reviews a r e  t h e  t a s k s  
t h a t  fo l low,  

3.5.3.3.2 Rel-lity ( a v a i l a b i l i t y )  apport ionment  task . -  The c o n t r a c t o r  
s h a l l  appor t i on  t h e  a v a i l a b i l i t y  requirements  of each  c o n s t i t u e n t  component 
of t he  T/R subsystem. The c o n s t i t u e n t  components s h a l l ,  a s  a minimum, be 
considered as I1blac:k boxes1' o r  modules encompassing s i n g u l a r  f u n c t i o n s  o r  
o p e r a t i o n s  on ly ,  i.e., a m p l i f i e r ,  c o n t r o l  f l i p - f l o p ,  r e g u l a t o r ,  s h i f t  
r e g i s t e r ,  e t c .  These apport ionments  s h a l l  be such t h a t  they  w i l l  be i n  
agreement wi th  t h e  jfunct i o n a l  r e l i a b i l i t y  requirements  s p e c i f i e d  here in .  
Apportionments t o  a t  least t h e  u n i t  l e v e l  s h a l l  be submit ted i n  t h e  t echn ica l  
proposal  and a h a l l  be  a v a i l a b i l i t y  requirements  of t h e  c o n t r a c t o r ' s  design.  
P e r i o d i c  r e f inemen t s  of t h e  apportionment s h a l l  be submit ted as t h e  des ign  
progresses .  
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Any changes i n  t h e s e  apport ionments  s h a l l  be submit ted t o  t h e  Government 
f o r  review and approva l .  The approva l  of any r e l i a b i l i t y  apportionment 
does n o t  r e l e a s e  t h e  c o n t r a c t o r  from t h e  requirement of meeting t h e  
f u n c t i o n a l  a v a i l a b i l i t i e s  s p e c i f i e d  he re in .  

3.5.3.3.3 R e l i a b i l i t y  Modeling Task.- The T/R subsystem s h a l l  be 
r e l i a b i l i t y  modeled and s h a l l  i d e n t i f y  c r i t i c a l  items o r  pa ths  whose 
f a i l u r e  w i l l  e i t h e r  cause subsystem f a i l u r e s ,  major performance deg rada t ion ,  
marg ina l  o p e r a t i o n a l  cond i t i ons  o r  d e p a r t u r e s  from the  r e l i a b i l i t y  performance 
c h a r a c t e r i s t i c s  des igna t ed  he re in .  From t h e  r e l i a b i l i t y  p r e d i c t i o n  and 
t h e  r e l i a b i l i t y  model t o g e t h e r  w i th  T/R subsystem o p e r a t i o n a l  demands, 
c r i t i c a l  e lements  s h a l l  be h i g h l i g h t e d  and p inpoin ted  w i th  emphasis upon 
means of s u s t a i n i n g  o p e r a t i o n ,  v i a  techniques  such as redundancy, over-  
c a p a c i t y  and a l t e r n a t e  r o u t i n g ,  e t c . ,  i n  t h e  event  of f a i l u r e .  Note, 
however, t h a t  t h e  a b i l i t y  t o  s u s t a i n  o r  r e i n s t a t e  o p e r a t i o n  i n  t h i s  manner 
s h a l l  no t  p revent  t h e  i n c i d e n t  from being c l a s s i f i e d  as a  f a i l u r e .  

3.5.3.3.4 F a i l u r e  Modes, E f f e c t s  Analysis  and C r i t i c a l i t y  (FMECA) Task.- 
An FMECA s h a l l  be performed. Th i s  a n a l y s i s  s h a l l  be conducted down t o  
t h e  l e v e l  of modular replacement  i n  normal maintenance (e .g . ,  p r i n t e d  
c i r c u i t  c a rd ,  power supply module). For each such r e p l a c e a b l e  i t e m ,  t h e  
dominant modes of f a i l u r e  s h a l l  be determined. Based upon these  modes 
of f a i l u r e ,  t h e  e f f e c t  on subsystem performance s h a l l  be a s c e r t a i n e d .  
The a n a l y s i s  r e s u l t s  s h a l l  be employed t o  e v a l u a t e  and change t h e  
r e l i a b i l i t y - m a i n t a i n a b i l i t y - a v a i l a b i l i t y  (R-M-A) model, i f  necessary .  
The t a s k  s h a l l  be completed p r i o r  t o  t h e  c r i t i c a l  de s ign  review and used 
i n  p r e p a r a t i o n  of t h e  m a i n t a i n a b i l i t y  demonstrat ion t a s k s .  The t a s k  s h a l l  
be completed and reviewed a t  t h e  c r i t i c a l  de s ign  review and used i n  prepar-  
a t i o n  of t h e  m a i n t a i n a b i l i t y  demons t ra t ion  t a s k s .  A p r e l imina ry  a n a l y s i s  
u t i l i z i n g  t h e  de r ived  RMA model s h a l l  then be submit ted n i n e t y  (90)  days 
a f t e r  c o n t r a c t  award and updated t h e r e a f t e r  as des ign  changes occur .  

3.5.3.3.5 R e l i a b i l i t y  Analys i s  and P r e d i c t i o n s  Task.- R e l i a b i l i t y  a n a l y s i s  
and p r e d i c t i o n s  s h a l l  be performed f o r  each element of t h e  RMA model. 
~ e t a i l e d  re1 i a b i l i t y  stress a n a l y s i s  s h a l l  be performed i n  accordance w i th  
RADC R e l i a b i l i t y  Notebook, Volume I,  Chapter  9 ,  Paragraph 8 (TR-67-108) 
!AD-8453041, The employment of f a i l u r e  rate d a t a  s h a l l  be from RADC 
Notebook, Volume 11 (TR-67-108) (AD-821640). No o t h e r  source  of f a i l u r e  
r a t e  d a t a  s h a l l  be employed wi thout  p r i o r  approva l  of t h e  c o n t r a c t i n g  
o f f i c e r .  A s  p a r t  of t h e  d e t a i l  a n a l y s i s ,  p a r t  a p p l i c a t i o n  stress a n a l y s i s  
i nc lud ing  p a r t  l o c a l  t empera tures  s h a l l  be performed. The f a i l u r e  r a t e  
ass ignments  s h a l l  be based upon t h e s e  stress and tempera ture  ana lyses .  
FAA-G-2100 Environment 11 f i x e d  ground, room ambient t empera ture  of 2 5 ' ~  
s h a l l  be used f o r  t h e  a n a l y s i s .  Add i t i ona l ly ,  t h e  average  p a r t  and board 
temperature  s h a l l  be e s t ima ted  based upon t h e  a n a l y s i s  of t h e  a t t e n d a n t  
thermal  environment.  The c o n t r a c t o r  s h a l l  a l s o  perform measurements on 
a sample b a s i s  as a minimum inc lud ing  a t  least 10% of boards and p a r t s  t o  
v e r i f y  t h e s e  stress and thermal  ana lyses .  S p e c i a l  p a r t s  o r  d e v i c e s ,  i.e., 
t r a n s m i t t i n g  t ubes ,  power s u p p l i e s ,  r o t a r y  j o ~ i n t s ,  modulators. ,  e t c . ,  s h a l l  
be p a r t  of t h e  c r i t i c a l  des ign  review. A p r e l imina ry  r e l i a b i l i t y  estimate 
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Any changes i n  t h e s e  apport ionments  s h a l l  be submit ted t o  t h e  Government 
f o r  review and approva l .  The approva l  of any r e l i a b i l i t y  apportionment 
does n o t  r e l e a s e  t h e  c o n t r a c t o r  from t h e  requirement of meeting t h e  
f u n c t i o n a l  a v a i l a b i l i t i e s  s p e c i f i e d  he re in .  

3.5.3.3.3 R e l i a b i l i t y  Modeling Task.- The T/R subsystem s h a l l  be 
r e l i a b i l i t y  modeled and s h a l l  i d e n t i f y  c r i t i c a l  items o r  pa ths  whose 
f a i l u r e  w i l l  e i t h e r  cause subsystem f a i l u r e s ,  major performance deg rada t ion ,  
marg ina l  o p e r a t i o n a l  cond i t i ons  o r  d e p a r t u r e s  from the  r e l i a b i l i t y  performance 
c h a r a c t e r i s t i c s  des igna t ed  he re in .  From t h e  r e l i a b i l i t y  p r e d i c t i o n  and 
t h e  r e l i a b i l i t y  model t o g e t h e r  w i th  T/R subsystem o p e r a t i o n a l  demands, 
c r i t i c a l  e lements  s h a l l  be h i g h l i g h t e d  and p inpoin ted  w i th  emphasis upon 
means of s u s t a i n i n g  o p e r a t i o n ,  v i a  techniques  such as redundancy, over-  
c a p a c i t y  and a l t e r n a t e  r o u t i n g ,  e t c . ,  i n  t h e  event  of f a i l u r e .  Note, 
however, t h a t  t h e  a b i l i t y  t o  s u s t a i n  o r  r e i n s t a t e  o p e r a t i o n  i n  t h i s  manner 
s h a l l  no t  p revent  t h e  i n c i d e n t  from being c l a s s i f i e d  as a  f a i l u r e .  

3.5.3.3.4 F a i l u r e  Modes, E f f e c t s  Analysis  and C r i t i c a l i t y  (FMECA) Task.- 
An FMECA s h a l l  be performed. Th i s  a n a l y s i s  s h a l l  be conducted down t o  
t h e  l e v e l  of modular replacement  i n  normal maintenance (e .g . ,  p r i n t e d  
c i r c u i t  c a rd ,  power supply module). For each such r e p l a c e a b l e  i t e m ,  t h e  
dominant modes of f a i l u r e  s h a l l  be determined. Based upon these  modes 
of f a i l u r e ,  t h e  e f f e c t  on subsystem performance s h a l l  be a s c e r t a i n e d .  
The a n a l y s i s  r e s u l t s  s h a l l  be employed t o  e v a l u a t e  and change t h e  
r e l i a b i l i t y - m a i n t a i n a b i l i t y - a v a i l a b i l i t y  (R-M-A) model, i f  necessary .  
The t a s k  s h a l l  be completed p r i o r  t o  t h e  c r i t i c a l  de s ign  review and used 
i n  p r e p a r a t i o n  of t h e  m a i n t a i n a b i l i t y  demonstrat ion t a s k s .  The t a s k  s h a l l  
be completed and reviewed a t  t h e  c r i t i c a l  de s ign  review and used i n  prepar-  
a t i o n  of t h e  m a i n t a i n a b i l i t y  demons t ra t ion  t a s k s .  A p r e l imina ry  a n a l y s i s  
u t i l i z i n g  t h e  de r ived  RMA model s h a l l  then be submit ted n i n e t y  (90)  days 
a f t e r  c o n t r a c t  award and updated t h e r e a f t e r  as des ign  changes occur .  

3.5.3.3.5 R e l i a b i l i t y  Analys i s  and P r e d i c t i o n s  Task.- R e l i a b i l i t y  a n a l y s i s  
and p r e d i c t i o n s  s h a l l  be performed f o r  each element of t h e  RMA model. 
~ e t a i l e d  re1 i a b i l i t y  stress a n a l y s i s  s h a l l  be performed i n  accordance w i th  
RADC R e l i a b i l i t y  Notebook, Volume I,  Chapter  9 ,  Paragraph 8 (TR-67-108) 
!AD-8453041, The employment of f a i l u r e  rate d a t a  s h a l l  be from RADC 
Notebook, Volume 11 (TR-67-108) (AD-821640). No o t h e r  source  of f a i l u r e  
r a t e  d a t a  s h a l l  be employed wi thout  p r i o r  approva l  of t h e  c o n t r a c t i n g  
o f f i c e r .  A s  p a r t  of t h e  d e t a i l  a n a l y s i s ,  p a r t  a p p l i c a t i o n  stress a n a l y s i s  
i nc lud ing  p a r t  l o c a l  t empera tures  s h a l l  be performed. The f a i l u r e  r a t e  
ass ignments  s h a l l  be based upon t h e s e  stress and tempera ture  ana lyses .  
FAA-G-2100 Environment 11 f i x e d  ground, room ambient t empera ture  of 2 5 ' ~  
s h a l l  be used f o r  t h e  a n a l y s i s .  Add i t i ona l ly ,  t h e  average  p a r t  and board 
temperature  s h a l l  be e s t ima ted  based upon t h e  a n a l y s i s  of t h e  a t t e n d a n t  
thermal  environment.  The c o n t r a c t o r  s h a l l  a l s o  perform measurements on 
a sample b a s i s  as a minimum inc lud ing  a t  least 10% of boards and p a r t s  t o  
v e r i f y  t h e s e  stress and thermal  ana lyses .  S p e c i a l  p a r t s  o r  d e v i c e s ,  i.e., 
t r a n s m i t t i n g  t ubes ,  power s u p p l i e s ,  r o t a r y  j o ~ i n t s ,  modulators. ,  e t c . ,  s h a l l  
be p a r t  of t h e  c r i t i c a l  des ign  review. A p r e l imina ry  r e l i a b i l i t y  estimate 
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model and all subsequent models. The reporting shall commence with the 
first application of power and continue through the completion of testing. 
The summaries shall be so reported that trends, patterns, etc., can be 
discerned. The failure summaries shall also include the relevancy of the 
reported failures. 

Sufficient data shall be included in the summaries to verify the relevant/ 
nonrelevant classification. That is, maintenance induced, operator error, 
accidental are examples ofsome reasons for justifying the nonrelevancy 
classification. 

3.5.4 Maintainability Program 

3.5.4.1 Program Plan.- The contractor shall prepare and submit for approval 
a maintainability program plan in accordance with MIL-STD-470 in its 
entirety, except as modified by this specification. The program plan 
shall include a milestone chart including program review points, design 
reviews, and analyses and predictions, and maintainability demonstration. 
The maintainability program plan shall be included with the system program 
plan documentation submitted with the technical proposal and updated ninety 
(90) days after award of contract. 

3.5.4.2 Maintainability management.- The contractor shall have one clearly 
identified organizational element which will be responsible for planning 
and managing the maintainability program. The individual designated as 
head of this maintainability organization shall have necessary authority 
and resources and report at a level having full contract responsibility,' 
The maintainability organization may be part of the reliability organization 
as delineated in paragraph 3.5.3.2. 

3.5.4.3 Program Tasks.- The maintainability program shall include, but not 
be limited to, the following tasks. 

3.5.4.3.1 Maintainability Apportionment.- The system availability apportion- 
ment shall be allocated as maintainability requirements, in consonance with 
the reliability apportionment to subsystems and major assemblies of the ASR 
constituting elements of the RMA model. These maintainability equipment 
apportionments shall be firm requirements but the contractor shall retain 
the flexibility to meet T/R subsystem requirements. These apportionments 
shall be such that, when achieved, the T/R subsystem availability requirements 
are met. 

The initial allocation shall be submitted as part of the technical proposal 
and shall be refined and reviewed at the scheduled design reviews. 

3.5.4.3.2 Failure Modes and Effects Analysis (FMEA).- In the performance 
of the EMEA, as described in paragraph 3.5.2.1 above, the effects of correc- 
tive maintenance action shall be evaluated. In the event that performance of 
corrective or preventive maintenance, such as replacement of a failed 
circuit card or module, affects an otherwise operable or functioning circuit, 
this effect shall be included in the RMA model. 



3.5.4.3.3 M a i n t a i n a b i l i t y  Analysis  and P red i c t i ons . -  M a i n t a i n a b i l i t y  
a n a l y s i s  and p r e d i c t i o n s  s h a l l  be performed f o r  each  element of t h e  RMA 
model. M a i n t a i n a b i l i t y  a n a l y s i s  s h a l l  be i n  accordance wi th  paragraph 
5.2,  MIL-STD-470. P r e d i c t i o n s  of mean c o r r e c t i v e  maintenance t ime s h a l l  
be performed i n  accordance w i th  Procedure 11, P a r t  B ,  Co r r ec t ive  Main- 
tenance ,  MIL-HDBK-472. 

Prevent ive  maintenance requirements  s h a l l  be determined and t h e  schedule ,  
procedure,  and t h e  e s t ima ted  d u r a t i o n  of each  p reven t ive  maintenance t a s k  
s h a l l  be r epo r t ed  a s  p a r t  of t h e  m a i n t a i n a b i l i t y  p r e d i c t i o n  r e s u l t s .  
However, p r even t ive  maintenance s h a l l  be l i m i t e d  t o  nonpeak t r a f f i c  
hours  t o t a l l i n g  no t  more than 15 hours  a month i n  increments  no t  exceeding 
1 hour i n  any one day and s h a l l  be accomplished wi th  shutdown of on ly  
t hose  elements  no t  r equ i r ed  t o  main ta in  system o p e r a t i o n a l  c a p a b i l i t y  a s  
r equ i r ed  by t r a f f i c  cond i t i ons ,  Any p reven t ive  maintenance t i m e  which 
exceeds e i t h e r  t h e  15 hours  per  month o r  1 hour  per  day s h a l l  be considered 
a s  c o r r e c t i v e  maintenance and counted as down t i m e  i f  i t  causes  t h e  
f u n c t i o n  t o  be ou t  of commission. F u r t h e r ,  when r equ i r ed ,  t h e  p o r t i o n s  
of t h e  system down f o r  prevent ive  maintenance s h a l l  be capable  of being 
brought i n t o  an  o n - l i n e  o p e r a t i o n a l  state wi th in  1 hour. The des ign  s h a l l ,  
t o  t h e  e x t e n t  p o s s i b l e ,  op t imize  t he  reliability/maintainability through 
t h e  proper  s e l e c t i o n  of p a r t s ,  d e r a t i n g  and redundancy. Pre l iminary  
p r e d i c t i o n  r e s u l t s  s h a l l  be submit ted i n  t h e  RMA Analysis  and P r e d i c t i o n  
Report and updated t h e r e a f t e r  as des ign  o r  system changes r e q u i r e  and 
a d d i t i o n a l  d a t a  are obta ined .  P ~ e d i c t i o n s  s h a l l  be reviewed as p a r t  of 
each  des ign  review. F i n a l  submission s h a l l  be 45 days p r i o r  t o  i n i t i a t i o n  
of t h e  m a i n t a i n a b i l i t y  demonstrat ion.  

3.5.4.2.4 M a i n t a i n a b i l i t y  Demonstration.- A m a i n t a i n a b i l i t y  demonstrat ion 
of achievement of t h e  s p e c i f i e d  mean and maximum c o r r e c t i v e  maintqnance 
times s h a l l  be performed as s p e c i f i e d  i n  S e c t i o n  4. 

3.5.5 R e l i a b i l i t y  and M a i n t a i n a b i l i t y  Numerical Requirements.- The ASR 
system s h a l l  meet t h e  fo l l owing  r e l i a b i l i t y  and m a i n t a i n a b i l i t y  requirements .  

a. Simple ASR r a d a r  MTBF (exc lus ive  of an tenna)  1000 hours  

b. Dual ASR r a d a r  a v a i l a b i l i t y  0.999 

c. MTTR 1 hour 

d. Dual ASR MTBF ( e x c l u s i v e  of an tenna)  10,000 hours  

e .  Antenna MTBF ( i n c l u d i n g  a l l  a n c i l l a r y  
items, i.e., r o t a r y  j o i n t s ,  s l i p  r i n g s ,  
encoders ,  e t c . )  

10,000 hours  

3 . 6  Summary of equipment f u r n i s h e d  by con t r ac to r . -  The c o n t r a c t o r  s h a l l  
f u r n i s h  t h e  q u a n t i t y  of ASR Transmi t te r /Rece iver  subsystems s p e c i f i e d  i n  
t h e  c o n t r a c t .  Any i t e m  o r  p a r t  necessary  f o r  proper  o p e r a t i o n  and a d j u s t -  
ment i n  accordance w i th  t h e  requirements  of t h i s  s p e c i f i c a t i o n  s h a l l  be 



i nco rpo ra t ed  even though t h a t  i t e m  o r  p a r t  may n o t  be s p e c i f i c a l l y  provided 
f o r  o r  de sc r ibed  h e r e i n .  A l l  f e a t u r e s  r equ i r ed  t o  meet performance r e q u i r e -  
ments,  such as shock mounting of p a r t i c u l a r  modules o r  assembl ies ,  hea t  
c i r c u l a t i o n  by means of blowers,  c o n t r o l s ,  i n d i c a t o r  lamps, over load  pro tec-  
t i o n  dev ices ,  meters, test  p o i n t s ,  i n t e r l o c k s ,  sw i t ches ,  e t c . ,  s h a l l  be 
i nco rpo ra t ed  even though t h e  f e a t u r e s  may no t  be s p e c i f i c a l l y  provided f o r ,  
o r  de sc r ibed  he re in .  A l l  necessary  f a c i l i t i e s ,  p a r t s ,  and hardware,  inc lud ing  
r e c e p t a c l e s ,  connec tors ,  c ab l ing  ( w i r i n g ) ,  a d a p t e r s  and o u t l e t s  s h a l l  be 
i nco rpo ra t ed  t o  enab le  t h e  components of t h e  system t o  be p rope r ly  assembled, 
i n t e r connec t ed ,  i n s t a l l e d ,  and maintained as r equ i r ed  he re in .  Each T/R 
subsystem s h a l l  be complete and i n  accordance w i t h  a 11 s p e c i f i c a t i o n  r e q u i r e -  
ments,  and s h a l l  i nc lude  t h e  fo l l owing  major i t e m s  ( a l l  o t h e r  items not  
l i s t e d  below, but  r equ i r ed  f o r  system o p e r a t i o n ,  t e s t i n g ,  o r  adjustment  i n  
accordance wi th  t h e  requi rements  of t h i s  s p e c i f i c a t i o n  s h a l l  a l s o  be 
f  u rn ishedl  : 

a. l e a c h  Cont ro l  Assembly (3.15 and subparagraphs)  

b. 1 each Antenna Assembly (3.8 through 3 ,9)  

c. 1 set Azimuth P o s i t i o n  Data Equipment (3.8.9 and 
subparagraphs ) 

Waveguide (3.12 and subparagraphs)  

Waveguide Switches (3.12.5) 

f .  2 each  RF Dummy Loads (3.12.6) 

g. 2 each Transmi t te r /modula tor  assembly (3.10 and 
subparagraphs)  

h. 2 each Receiver assembly (3.11 and subparagraphs)  

i. 2 each  Processor  assembly (3.14 and subparagraphs) 

j. 1 l o t  Ducts,  Cabl ing,  Hardware, e t c .  

k. 1 set J u n c t i o n  Box Panels  and Junc t ion  Boxes (3.15.2.1) 

1. 4 each  Remote Cont ro l  Pane ls  and Boxes 

m. 1 each  Maintenance PPI ( 3.16.1 and subparagraphs)  

n. 1 set S p e c i a l  Tools  (1-3.16.23, FAA-G-2100/1) 

o. 1 l o t  Intercommunications Equipment (3.16.4) 

3.7 Documentation furn ished . -  Documentation s p e c i f i e d  i n  subparagraphs 
hereunder  s h a l l  be f u r n i s h e d  a t  t h e  t ime(s1  s p e c i f i e d  i n  the  c o n t r a c t  
schedule ,  i n  a d d i t i o n  t o  t h a t  r equ i r ed  by FAA-G-210011 o r  o t h e r  s u b s i d i a r y  
s p e c i f i c a t  ions.  



3.7.1 I n s t r u c t i o n  manuals.- I n s t r u c t i o n  manuals i n  accordance w i th  
FAA-D-638 as modif ied h e r e i n  (3.16.3 and subparagraphs) s h a l l  be f u r n i s h e d  
i n  t h e  q u a n t i t y  and a t  t h e  times s p e c i f i e d  i n  t h e  c o n t r a c t  schedule .  

3.7.2 Trouble  shoot ing  manuals.- Trouble  shoot ing  manuals (3.16.3 and sub- 
paragraphs)  s h a l l  be f u r n i s h e d  i n  t h e  q u a n t i t y  and a t  t h e  times s p e c i f i e d  
i n  t h e  c o n t r a c t  schedule .  

3.7.3 Power consumption.- The c o n t r a c t o r  s h a l l  provide t h e  Government with 
in format ion  a s  t o  t h e  normal ope ra t i ng  and peak power consumption of t h e  
T/R subsystem. Power consumption of t h e  antenna s h a l l  be l i s t e d  s e p a r a t e l y  
from t h e  e l e c t r o n i c  equipment. 

3.7.4 Required f l o o r  space and w e i ~ h t . -  The c o n t r a c t o r  s h a l l  provide t he  
Government w i t h f l o o r  space requirements  and f l o o r  load ing  of t h e  T/R 
subsystem on a  per  cab ine t  and t o t a l  b a s i s .  S i z e  and weight of t h e  antenna 
s h a l l  a l s o  be fu rn i shed .  

3.7.5 Required test  equipment.- The c o n t r a c t o r  s h a l l  provide t h e  Government 
wi th  a  l i s t  of r equ i r ed  test  equipment (3.13.5). 

3.7.6 Remoting cab les . -  The c o n t r a c t o r  s h a l l  f u r n i s h  t h e  Government wi th  
in format ion  as t o  t h e  q u a n t i t y  and recommended types  of i n t e r connec t ing  land 
l i n e s  r equ i r ed  f o r  complete o p e r a t i o n  of t h e  T/R subsystem from a s i te  
loca t ed  up t o  20,000 f e e t  away. , 

3.7.7 Revis ion of documentation.-  It i s  recognized t h a t  completely a c c u r a t e  
in format ion  of t h e  type  c a l l e d  f o r  i n  paragraphs 3.7.3 through 3.7.6 above 
may no t  be a v a i l a b l e  a t  t h e  t i m e  of o r i g i n a l  submission. The c o n t r a c t o r  
s h a l l  adv i se  t he  Government of any changes t o  t h i s  d a t a  as soon as des ign  
re f inements  permit ,  and s h a l l  provide f i n a l ,  a c c u r a t e  d a t a  no l a t e r  than 
120 days p r i o r  t o  scheduled d e l i v e r y  of t h e  f i r s t  system. Revis ions and 
c o r r e c t i o n s  t o  i n s t r u c t i o n  manuals and t r o u b l e  shoot ing  manuals s h a l l  be 
i n  accordance wi th  FAA-D-638. 

3.8 Antenna assembly.- The an tenna  s h a l l  inc lude  a mounting pedes t a l ,  dua l  
d r i v e  mechanism, f i v e  pa th  r o t a r y  j o i n t ,  a  main t r a n s m i t / r e c e i v e  f eed  horn,  
a pas s ive  r ece ive  on ly  f e e d  horn ,  r e f l e c t o r ,  dua l  azimuth d a t a  system, 
c i r c u l a r / l i n e a r  p o l a r i z e r s ,  and o t h e r  f e a t u r e s  descr ibed  h e r e i n  needed t o  
comply wi th  t h e  requirements  of t h i s  s p e c i f i c a t i o n .  The antenna des ign  s h a l l  
meet a l l  requirements  h e r e i n  whi le  ope ra t i ng  under t h e  cond i t i ons  of 
Environment 111, paragraph 1-3.2.23, FAA-G-2100 except  t h a t  t h e  wind 
cond i t i ons  s h a l l  be 0-85 knots  o p e r a t i o n a l ,  wi th  t h e  upper l i m i t  extended 
t o  130 knots  nonopera t iona l .  

3.8.1 Bas ic  an tenna  des ign  requirements . -  The an tenna  system descr ibed  h e r e i n  
s h a l l  be designed t o  be mounted a t o p  an  antenna tower wi thout  a radome. - 
Since  t h e  an tenna  assembly i s  not  d i a l  channel and, t h e r e f o r e ,  does no t  have 
an  ope ra t i ng  s tandby,  extreme ca re  s h a l l  be exe rc i s ed  i n  i t s  des ign  t o  a s s u r e  
t h a t  i t  is  t h e  s t r o n g e s t  l i n k  i n  t h e  r a d a r  system. The des ign  s h a l l  minimize 
an tenna  maintenance t o  t h e  g r e a t e s t  p o s s i b l e  e x t e n t .  The antenna system 
s h a l l  be designed t o  f a c i l i t a t e  removal and replacement of any p o r t i o n  of 



t h e  an tenna  system except  t h e  antenna r e f l e c t o r  and pedes t a l  wi thout  t h e  
need of a c rane  o r  o t h e r  equipment n o t  fu rn i shed  as a p a r t  of t h e  r a d a r  
system. 

3.8.1.1 MTI performance.- The antenna s h a l l  be designed t o  o p e r a t e  satis- 
f a c t o r i l y  i n  conjunc t ion  wi th  an  MTI system. V i b r a t i o n  of t h e  antenna i n  
t h e  d i r e c t i o n  of t h e  beam s h a l l  no t  exceed 1/64 inch ,  and v i b r a t i o n  i n  a 
r o t a t i o n a l  d i r e c t i o n  s h a l l  no t  exceed 0 . 0 1 5 ~  i n  o r d e r  no t  t o  degrade t h e  
MTI improvement f a c t o r  due t o  scanning t o  less than 40 dB. The f i g u r e s  are 
f o r  t o t a l  motion between t r a n s m i t t e r  pu l se  i n t e r v a l s  wi th  t h e  antenna 
r o t a t i n g  and r a d i a t i n g .  

3.8.1.2 Ease of maintenance.- The antenna assembly s h a l l  be cons t ruc t ed  so  
as t o  be easy  t o  disassemble f o r  maintenance and r e p a i r .  A simple h o i s t  which 
can be placed on t h e  maintenance p la t form and opera ted  by not  more than  
t h r e e  t echn ic i ans  s h a l l  be f u r n i s h e d  f o r  major maintenance i n  lowering and 
r a i s i n g  t h e  heavy and/or  l a r g e  i t e m s  between t h e  maintenance p la t form and 
t h e  ground. P rov i s ions  s h a l l  be made t o  completely disassemble and remove 
mechanical p a r t s  which are s u b j e c t  t o  wear o r  d e t e r i o r a t i o n  without  removal 
o r  diassembly of t h e  r e f l e c t o r ,  f e e d  horns ,  o r  any suppor t ing  s t r u c t u r e s .  
Design s h a l l  i nc lude  p rov i s ions  f o r  r o u t i n e  i n spec t ion  of c r i t i c a l  i n t e r n a l  
p e d e s t a l  and d r i v e  mechanism p a r t s  wi thout  disassembly. 

3.8.2 Antenna mechanical des ign ' requi rements . -  The antenna s h a l l  be designed 
t o  meet t h e  fo l lowing  requirements .  

3.8.2.1 Maximum r o t a t i o n a l  speed.- The an tenna  assembly s h a l l  be designed t o  
wi ths tand  r o t a t i o n  rates up t o  20 rpm without  s t r u c t u r a l  f a i l u r e .  While 
ope ra t i ng  under cond i t i ons  s p e c i f i e d  h e r e i n ,  t h e  p o s i t i o n  of t h e  f e e d  horn 
r e l a t i v e  t o  t h e  r e f l e c t o r  and t h e  d e v i a t i o n  of t h e  r e f l e c t o r  s u r f a c e  contour  
from t h e  t r u e  (des ign )  contour  s h a l l  no t  r e s u l t  i n  az imutha l  e r r o r  g r e a t e r  
than  0.2 degree o r  v e r t i c a l  e r r o r  g r e a t e r  than  0.1 degree of t h e  maximum 
power po in t  of t h e  r a d i a t e d  beam from t h e  c o r r e c t  p o s i t i o n .  These r e q u i r e -  
ments s h a l l  be m e t  wi th  an FA-7202, o r  e q u a l ,  beacon antenna mounted i n  
p o s i t i o n  a t o p  t h e  r a d a r  an tenna  r e f l e c t o r  wi thout  r e q u i r i n g  beacon antenna 
mounting read jus tments .  

3.8.2,2 P rov i s ion  f o r  t i l t i n g . -  The an tenna  t i l t  s h a l l  be cont inuous ly  
a d j u s t a b l e  from t h e  an tenna  p la t form s o  t h a t  t h e  lower -3 dB power po in t  of 
t h e  l i n e a r l y  po l a r i zed  main beam can be set at any ang le  between -2.5' and 
+2.5' w i th  r e s p e c t  t o  h o r i z o n t a l  wi thout -  any i n t e r f e r e n c e  between t h e  t i l t  
screw, an tenna  p e d e s t a l ,  antenna r e f l e c t o r  and suppor t s ,  tower p la t form,  
waveguide o r  any o t h e r  components w i th  t h e  antenna r o t a t i n g .  

3.8.2.2.1 T i l t i n g  mechanism.- The t i l t i n g  mechanism s h a l l  be manually 
operab le  over  i t s  e n t i r e  range i n  a per iod  of two minutes  by one t echn ic i an .  
Mechanical s t o p s  s h a l l  be provided t o  l i m i t  t h e  t r a v e l  of t h e  r e f l e c t o r  i n  
t h e  v e r t i c a l  plane at t h e  upper and lower l i m i t s  of t h e  t i l t i n g  mechanism. 
A p o s i t i v e  lock  s h a l l  be provided t o  prevent  s l i p p i n g  a t  any t i l t  adjustment .  
The engagement and disengagement of t h e  lock  may r e q u i r e  a t e c h n i c i a n  t o  be 
on t h e  antenna platform.  



3.8.2.2.2 T i l t  i n d i c a t o r . -  A mechanical t i l t  marker s h a l l  be l oca t ed  on 
t h e  r e f l e c t o r  o r  r e f l e c t o r  support .  A c a l i b r a t e d  s c a l e  provid ing  angu la r  
r ead ings  i n  increments  of 0. lo s h a l l  be provided t o  i n d i c a t e  t h e  antenna 

0 e l e c t r i c a l  t i l t .  The marks i n d i c a t i n g  increments  of 0.1 and t h e  spacing 
between s h a l l  be e a s i l y  d i s t i n g u i s h e d .  The t i l t  i n d i c a t o r  s h a l l  show t h e  
t i l t  of the  -3  dB power po in t  of t h e  main beam t o  an accuracy of 0. lo at  
2800 MHz. A means of checking t h e  t i l t  i n d i c a t o r  accuracy a g a i n s t  a  
r e a d i l y  determined phys i ca l  t i l t  of t h e  antenna r e f l e c t o r  s h a l l  be provided. 

3.8.2.2.3 T i l t  char t . -  A permanent weather-proof type  graph o r  c h a r t  s h a l l  
be a t t a c h e d  t o  each r e f l e c t o r  assembly i n  a conspicuous l o c a t i o n  t o  permit 
c o r r e c t i o n  of t h e  tilt i n d i c a t o r  f o r  frequency. The s c a l e  of t h i s  graph o r  
c h a r t  s h a l l  be s u f f i c i e n t  t o  determine t h e  e l e c t r i c a l  t i l t  t o  an accuracy 
of 0.  lo from 2700 t o  2900 MHz, This  accuracy s h a l l  be v e r i f i e d  f o r  a t  l e a s t  
two f r equenc i e s  dur ing  antenna t e s t i n g .  

3.8.2.3 S a f e t y  switch.-  A s a f e t y  swi tch  s h a l l  be provided f o r  t he  antenna 
tower. This  switch s h a l l  d i r e c t l y  open both primary power t o  t h e  antenna 
d r i v e  motors and t r a n s m i t t e r  h igh  vo l t age .  It s h a l l  be designed and loca t ed  
s o  t h a t  acces s  t o  t h e  antenna p la t form of t h e  antenna tower s t r u c t u r e  cannot 
be ga ined  without  f i r s t  opening t h e  s a f e t y  switch.  D e l i b e r a t e  manual a c t i o n  
s h a l l  be r equ i r ed  t o  o p e r a t e  t h e  s a f e t y  switch.  It s h a l l  no t  be opera ted  by 
c l o s i n g  t h e  a c c e s s  door ,  o r  s u b j e c t  t o  a c c i d e n t a l  ope ra t i on .  The s a f e t y  
swi tch  c o n t a c t s  s h a l l  be designed t o  c a r r y  t h e  f u l l  s t a r t i n g  c u r r e n t  of t h e  
an tenna  d r i v e  motors s o  t h a t  it  may be a c t u a t e d  and deac tua ted  without  damage. 
An antenna on-off swi tch ,  s e p a r a t e  from t h e  s a f e t y  swi tch ,  s h a l l  be incor -  
pora ted  on t h e  unders ide  t h e  antenna p la t form nea r  t h e  antenna d r i v e  s a f e t y  
swi tch  and brake r e l e a s e ;  t h e  o p e r a t i o n  of t h i s  swi tch  o r  t h e  s a f e t y  swi tch  
s h a l l  d i s a b l e  t h e  t r a n s m i t t e r  connected t o  t h e  antenna. The antenna r o t a t i o n  
s h a l l  be capable  of being turned  on and o f f  by e i t h e r  t h e  swi tch  at  t h e  
des igna ted  po in t  of c o n t r o l  (3.15.1.1) o r  by t h e  c o n t r o l  swi tch  under t h e  
an tenna  platform.  These two swi tches  s h a l l  ope ra t e  independent ly  of each 
o t h e r ;  n e i t h e r ,  however, s h a l l  be capable  of ove r r id ing  t h e  s a f e t y  swi tch  
when i t  i s  open. 

3.8.2.4 Cas t ings . -  Antenna assembly load bear ing  c a s t i n g s  s h a l l  be inspec ted  
by nondes t ruc t ive  methods such as radiography,  magnafluxing, f l uo re scence ,  
o r  u l t r a s o n i c  v i b r a t i o n  methods. 

3.8.2.5 Antenna balance.-  With a beacon antenna mounted on t h e  r ada r  antenna 
and t h e  r a d a r  antenna set f o r  a +lo  e l e c t r i c a l  t i l t ,  t h e  c e n t e r  of g r a v i t y  of 
t h e  r o t a t i n g  p o r t i o n  of t h e  an tenna  s h a l l  be w i th in  s i x  inches  of t h e  c e n t e r  
of azimuth r o t a t i o n  a long  t h e  r a d i a t i o n  a x i s .  Along t h e  a x i s  perpendicu la r  
t o  t h e  r a d i a t i o n  a x i s ,  t h e  c e n t e r  of g r a v i t y  s h a l l  be w i t h i n  t h r e e  inches  of 
t h e  c e n t e r  of azimuth r o t a t i o n .  Th i s  cond i t i on  s h a l l  be ob ta ined  without  
t h e  use of counter  weights  t o t a l l i n g  i n  exces s  of 50 pounds. 

3.8.2.6 V ib ra t i on  and noise . -  V ib ra t i on ,  o r  no i se ,  o r  both,  from t h e  antenna 
assembly s h a l l  no t  i n t e r f e r e  wi th  t h e  performance o r  s t a b i l i t y  of e l e c t r o n i c  
components i n  t h e  equipmentobui ld ing .  The no i se  l e v e l  as measured a t  a d i s -  
t ance  of 5  f e e t  d i r e c t l y  below the  antenna pedes t a l  wi th  t h e  antenna r o t a t i n g  
a t  12.5 RPM s h a l l  no t  exceed t h e  l i m i t s  of Condi t ion A, paragraph 1-3.5.11 of 
FAA-G-2100/1. 



3.8.2.7 Level ing.-  Mechanical j a cks ,  o r  wedges, o r  similar dev ices  s h a l l  
be provided t o  l e v e l  t h e  an tenna  p e d e s t a l  as i n s t a l l e d  on t h e  tower. For 
l e v e l i n g  purposes ,  two a c c e s s i b l e  l i q u i d  bubble l e v e l s  mutual ly  perpendicu la r  
o r  a c i r c u l a r  bubble l e v e l  s h a l l  be mounted on t h e  r o t a t i n g  p o r t i o n  of t h e  
an tenna  pedes t a l .  The s e n s i t i v i t y  of t h e  bubbles  s h a l l  permit  l e v e l i n g  of 
t h e  an tenna  t o  w i t h i n  O . l O .  Leve l ing  of t h e  an tenna  fo l l owing  i n i t i a l  
i n s t a l l a t i o n ,  o t h e r  than t h a t  r equ i r ed  by s e t t l i n g  of t h e  tower foundat ion ,  
s h a l l  no t  be requi red .  

3.8.3 Tes t  antenna.- A tes t  antenna s h a l l  be provided w i t h  each antenna 
system. A mounting f i x t u r e  and a p p r o p r i a t e  s i z e d  removable s e c t i o n  of t h e  
r e f l e c t o r  s h a l l  be provided so  t h a t  t h e  tes t  antenna can be placed i n  an  
optimum p o s i t i o n  from behind t h e  r e f l e c t o r .  The antenna s h a l l  be s u i t a b l e  
f o r  measuring the  t r a n s m i t t e r  ou tput  power and t o  permit c i r c u l a r  p o l a r i z a -  
t i o n  measurements. It s h a l l  be p o s s i b l e  t o  a c c u r a t e l y  r o t a t e  t h e  t e s t  
an tenna  by 290' i n  lo increments  u t i l i z i n g  the  mounting f i x t u r e ,  and t o  read 
t h e  antenna p o s i t i o n .  The test  antenna s h a l l  be fu rn i shed  wi th  a d i r e c t i o n a l  
coupler  and dummy load f o r  use i n  measuring t h e  t r a n s m i t t i n g  power. Antenna 
balance (3,8.2.5) s h a l l  be ob ta ined  wi th  t h e  test antenna removed. 

3.8.4 Mounting pedes t a l . -  The mounting pedes t a l  s h a l l  suppor t  t h e  r e f l e c t o r  
( i n c l u d i n g  beacon an t ennas ) ,  p o l a r i z e r ,  f e e d  horns ,  d r i v e  mechanisms, azimuth 
p o s i t i o n  g e n e r a t o r s ,  and RF r o t a r y  j o i n t  and o t h e r  i tems r equ i r ed  f o r  system 
ope ra t i on .  The pedes t a l  s h a l l  be designed t o  mount on t h e  upper deck of t h e  
sn tenna  tower,  but  s h a l l  extend below t h e  deck t o  f a c i l i t a t e  t h e  mounting 
and maintenance of t h e  d r i v e  u n i t s ,  azimuth d a t a  package, r o t a r y  j o i n t  and 
o t h e r  a n c i l l a r y  u n i t s  from t h e  maintenance platform.  The des ign  s h a l l  
permit r o u t i n e  and minor maintenance and l u b r i c a t i o n  of t h e  pedes t a l  and 
d r i v e  mechanisms by one t e c h n i c i a n  a t  t h e  maintenance p la t form l e v e l  whi le  
tile system i s  ope ra t i ng ,  Exposed po r t i ons  of t h e  pedes t a l  s h a l l  be weather 
r e s i s t a n t  and d u s t  t i g h t .  A l l  supported components s h a l l  be e a s i l y  a c c e s s i b l e  
f o r  s e r v i c i n g  wi thout  r e q u i r i n g  major disassembly of t he  r e f l e c t o r  o r  o t h e r  
components. The mounting pedes t a l  s h a l l  suppor t  and r o t a t e  t h e  antenna 
assembly under t h e  s e r v i c e  cond i t i ons  s p e c i f i e d  i n  such a manner t h a t  t h e  
t o t a l  cumulative e f f e c t  of v i b r a t i o n s  i n  t h e  mounting p e d e s t a l ,  horn assembly 
and suppor t s ,  and an tenna  on t h e  RF c h a r a c t e r i s t i c s  s h a l l  no t  exceed t h e  
l i m i t s  s p e c i f i e d  he re in .  I n  a d d i t i o n ,  t h e  mounting p e d e s t a l  s h a l l  no t  a l l ow  
e r r o r  i n  t h e  apparen t  p o s i t i o n  of t h e  RF beam t o  exceed 0. lo. 

3.8.4.1 S l i p  r i n g  assembly.- A s l i p  r i n g  assembly, inc lud ing  s u f f i c i e n t  
c i r c u i t s  t o  s a t i s f y  a l l  requirements  s t a t e d  i n  t h i s  s p e c i f i c a t i o n  p l u s  s i x  
s p a r e s ,  each  capable  of handl ing 120 v o l t s ,  5 amps. 60 Hz, s h a l l  be provided. 
The s l i p  r i n g  assembly s h a l l  be r e l i a b l e  and e a s i l y  a d j u s t a b l e  wi th  a u s e f u l  
s l i p  r i n g  brush l i f e  of a t  least 25,000 hours  ope ra t i on  without  adjustment .  
Terminal s t r i p s  s h a l l  be provided t o  t e rmina t e  both ends  of t h e  s l i p  r i n g  
connect ions.  The s l i p  r i n g  assembly may be an  i n t e g r a l  p a r t  of t h e  r o t a r y  
j o i n t ,  but must be r e a d i l y  a c c e s s i b l e  f o r  maintenance o r  replacement.  

3.8.4.2 P e d e s t a l  overhaul . -  The p e d e s t a l  s h a l l  not  r e q u i r e  any maintenance 
t h a t  would r e q u i r e  removal of t h e  assembly from t h e  an tenna  tower more o f t e n  
t han  every f i v e  years .  P rov i s ions  s h a l l  be made f o r  suppor t ing  t h e  r o t a t i n g  
p o r t i o n s  of t h e  antenna t o  a l l ow  disassembly of components from t h e  pedes t a l .  
It s h a l l  be p o s s i b l e  t o  r e p l a c e  t h e  main bear ing  and b u l l  g e a r  i n  t h r e e  hours  
o r  less ( i n c l u d i n g  removal of t h e  r o t a r y  j o i n t  i f  r equ i r ed )  without  disassembly 
of t h e  r e f l e c t o r  o r  removal of t h e  p e d e s t a l  from t h e  tower. 



3.8.4.3 Lubr i ca t i on . -  O i l  l e v e l  check, f i l l ,  overflow, and d r a i n  p lugs ,  a l l  
a c c e s s i b l e  from t h e  maintenance p la t form,  s h a l l  be included.  The des ign  
s h a l l  be such t h a t  l u b r i c a t i o n  and o i l  l e v e l  checks may be accomplished 
wi thout  s topping  antenna r o t a t i o n  o r  t u r n i n g  t h e  t r a n s m i t t e r  high v o l t a g e  
o f f .  Lubr i ca t i on  s h a l l  no t  be r equ i r ed  more f r e q u e n t l y  t han  once each 
4,000 hours  of a c t u a l  ope ra t i on .  The pedes t a l  s h a l l  be designed t o  preclude 
o i l  e n t e r i n g  t h e  r o t a r y  j o i n t ,  s l i p  r i n g  assembly, o r  waveguide. 

3.8.4.4 Azimuth i n d i c a t i o n . -  Azimuth i n d i c a t i o n  of t h e  antenna s h a l l  be 
provided by a  r i n g  a t t a c h e d  t o  t h e  r o t a t i n g  member of t h e  pedes t a l  by means 
of p o s i t i o n i n g  clamps o r  screws. The r i n g  s h a l l  have l e g i b l e ,  permanent 
marks f o r  every  degree and each t e n  degree increment s h a l l  be numbered. 
An i n d i c a t i n g  device  f o r  t he  antenna azimuth r i n g  s h a l l  be l oca t ed  i n  an  
a c c e s s i b l e  p o s i t i o n  on a f i x e d  member of t h e  pedes t a l  and s h a l l  be c l e a r l y  
v i s i b l e  from t h e  maintenance platform.  P rov i s ions  s h a l l  be made f o r  360' 
o r i e n t a t i o n  of t h e  azimuth r i n g  wi th  r e s p e c t  t o  the  antenna. 

3.8.4.5 Braking p rov i s ions . -  A manually opera ted  brake s h a l l  be provided 
t o  hold t he  antenna s t a t i o n a r y .  When t h e  brake is  set ,  an  e l e c t r i c a l  i n t e r -  
lock s h a l l  prevent  a p p l i c a t i o n  of power t o  t h e  antenna d r i v e  motors u n t i l  
t h e  brake is  r e l ea sed .  The brake s h a l l  be operab le  from t h e  maintenance 
platform.  The brake s h a l l  be a d j u s t a b l e  t o  compensate f o r  wear and t o  
e s t a b l i s h  a d e s i r e d  braking pressure .  Appl ica t ion  of t h e  brake wi th  t h e  
antenna r o t a t i n g  s h a l l  no t  p l ace  undue stress on e i t h e r  t h e  r a d a r  o r  beacon 
antenna. 

3.8.4.6 Fac tory  run- in  test.- A 168 hour f a c t o r y  run- in  t e s t  s h a l l  be 
conducted on each pedes t a l  and i n s t a l l e d  r o t a r y  j o i n t  wi th  a load app l i ed  
t h a t  adequate ly  s imu la t e s  t h e  antenna ope ra t i ng  under normal test  condi t ions .  
Type t e s t  an tennas  s h a l l ,  i n  a d d i t i o n ,  be run f o r  24 hours  under worst  
combinations of environmental cond i t i ons  i n  o r d e r  t o  determine any 
mechanical d i f f i c u l t i e s  t h a t  may e x i s t .  Measurements of power input  
v a r i a t i o n ,  temperature  r ise  of c r i t i c a l  p a r t s  of t h e  pedes t a l  and d r i v e  
mechanisms, obse rva t ions  of n o i s e  and v i b r a t i o n  and o i l  leakage,  azimuth 
d a t a  accuracy,  and o t h e r  p e r t i n e n t  d a t a  s h a l l  be recorded f o r  each u n i t  
dur ing  t h i s  f a c t o r y  t e s t .  

3,8.5 Drive mechanism.- Two s e p a r a t e  d r i v e  mechanisms s h a l l  be employed. 
Each antenna d r i v e  mechanism s h a l l  c o n s i s t  of a  d r i v e  motor,  g e a r  t r a i n ,  s l i p  
c l u t c h ,  and mechanical l inkage  t o  t h e  r o t a t i n g  p o r t i o n  of t h e  pedes t a l .  The 
antenna s h a l l  r o t a t e  cont inuous ly  i n  a clockwise d i r e c t i o n  through 360' i n  
t h e  h o r i z o n t a l  plane a t  a speed of 12.5 rpm 2 10% over  t h e  s e r v i c e  condi t ions  
s p e c i f i e d .  Rota t ion  r a t e  under normal test cond i t i ons  s h a l l  be 12.5 rpm 
+ 5% - 0%. Each d r i v e  motor s h a l l  employ a s e p a r a t e  c o n t a c t o r ,  and t h e  
des ign  s h a l l  be such t h a t  one d r i v e  mechanism may be disengaged by s h u t t i n g  
down t h e  antenna f o r  60 seconds o r  l e s s .  It s h a l l  be p o s s i b l e  t o  r ep l ace  the 
f a i l e d  d r i v e  from t h e  unders ide  of t h e  pedes t a l  whi le  t h e  system i s  i n  
opera t ion .  The rep laced  d r i v e  s h a l l  be capable  of being re-engaged by 
s h u t t i n g  down t h e  antenna f o r  a maximum of two minutes.  Each d r i v e  mechanism 
s h a l l  have s e p a r a t e  p in ion  g e a r s ,  and s h a l l  mount on oppos i t e  s i d e s  of t h e  
main b u l l  g e a r  (on  a  l i n e  pass ing  through t h e  c e n t e r  of r o t a t i o n ) .  Both 



3.8.7 Ref lec tor . -  The r e f l e c t o r  s h a l l  be secured t o  t h e  antenna frame i n  
such a  manner as t o  produce a  p o s i t i v e  mechanical and e l e c t r i c a l  bond t o  
e l i m i n a t e  RF a r c i n g  between t h e  r e f l e c t o r  and frame. The r e f l e c t o r  s h a l l  be 
s u i t a b l y  contoured t o  provide t h e  r a d i a t i o n  p a t t e r n  s p e c i f i e d .  The r e f  l e c t o r  
s h a l l  no t  exceed those  dimensions i n  l eng th  and he igh t  which a r e  r equ i r ed  t o  
meet t h e  s p e c i f i e d  e l e c t r i c a l  performance. Supports  and t r u s s e s  f o r  t he  
r e f l e c t o r  and f e e d  system s h a l l  no t  i n t e r f e r e  w i th  t h e  e l e c t r i c a l  performance 
of t h e  assembly. 

d r i v e  mechanisms are normally energ ized ;  i f  e i t h e r  d r i v e  u n i t  should lock  
o r  o t h e r  f a i l u r e  occur ,  i t  s h a l l  au toma t i ca l l y  disengage and t h e  s t andby  
u n i t  s h a l l  d r i v e  t h e  antenna.  Each d r i v e  u n i t  s h a l l  be capable  of s t a r t i n g  
and d r i v i n g  t h e  an tenna  under a l l  extremes of s e r v i c e  cond i t i ons  except  f o r  
wind, which s h a l l  be 40 knots .  

3.8.5.1 Drive motor p ro t ec t i on . -  Each an tenna  azimuth d r i v e  motor s h a l l  
con ta in  a  thermosta t  a d j u s t e d  s o  t h a t  no damage occu r s  t o  t h e  motor during 
a temporary over load  o r  locked r o t o r .  Th i s  thermosta t  s h a l l  be i n  thermal  
con tac t  wi th  t h e  motor winding and s h a l l  be a c c e s s i b l e  without  complete 
disassembly of t h e  motor. 

3.8.6 AC power r ecep tac l e . -  Convenience o u t l e t s  (1-3.6.4, FAA-G-2100/1) wi th  
weather t i g h t  covers  s h a l l  be provided on t h e  antenna pedes t a l  and on t h e  
lower p o r t i o n  near  t h e  d r i v e  u n i t s .  The power ene rg i z ing  t h e  o u t l e t s  s h a l l  
be independent of t h e  an tenna  r o t a t i o n  on-off swi tch  and t h e  antenna s a f e t y  
switch.  

3.8.7.1 Contour d e f l e c t i o n . -  The des ign  and f a b r i c a t i o n  of t h e  r e f l e c t o r  
s h a l l  be such t h a t  d e v i a t i o n  of the  s u r f a c e  contour  from t h e  t r u e  (des ign )  
contour  s h a l l  no t  exceed 5 1 / 4  inch under maximum s t a t i c  load.  Under dynamic 
load (12.5 rpm, 85 kno t s  wind) t h e c h i a t i o n  from t h e  s t a t i c  cu rva tu re  s h a l l  
no t  exceed + 3 /8  i nch  a t  c e n t e r  and 2 3 / 4  inch at t i p s ,  and t h e  d e v i a t i o n  
i n  r a d i a l  d i s t a n c e  from f o c a l  p o i n t  t o  t o p  of r e f l e c t o r  i n  t h e  symmetrical 
c e n t e r  l i n e  v e r t i c a l  p lane  s h a l l  no t  exceed + 1 / 2  inch t h e  t r u e  (des ign)  
d i s t a n c e .  The contour  d e f l e c t i o n  requirements  s h a l l  be met wi th  t h e  beacon 
an tennas  i n s t a l l e d  and r o t a t i n g  a t  12.5 rpm. The removable s e c t i o n  of t h e  
r e f l e c t o r  s u r f a c e  u t i l i z e d  f o r  t h e  test  horn s h a l l  be removable from t h e  
r e a r  and s h a l l  no t  d i s t o r t  t h e  r e f l e c t o r  contour  when i n  p l ace  t o  t h e  
e x t e n t  t h a t  antenna performance i s  a f f e c t e d .  

3.8.7.2 Contour j i g s ,  f i x t u r e s ,  templates . -  A l l  t empla tes  used f o r  i n spec t ing  
t h e  r e f l e c t o r  contour  s h a l l  be made of  metal. The j i g s ,  f i x t u r e s ,  t empla tes ,  
o r  o t h e r  dev i ces  used t o  f a b r i c a t e  and check t h e  an tenna  contours  s h a l l  be 
s u b j e c t  t o  approval  of t h e  Government and s h a l l  become t h e  proper ty  of t he  
Government upon completion of f a b r i c a t i o n  of t h e  last an tenna  r e f l e c t o r  on 
t h e  c o n t r a c t .  

3.8.7.3 F i e l d  check provis ions . -  Equipment and d a t a  f o r  a l ignment  and f o r  
checking t h e  p o s i t i o n  of t he  f e e d  horn and t h e  r e f l e c t o r  contour  f o r  p o s s i b l e  
f i e l d  damage s h a l l  be provided wi th  each  antenna. 



3.8.7.4 Beacon a n t e n n a  p r o v i s i o n s . -  The s t r u c t u r e  of t h e  r e f l e c t o r  s h a l l  be - 
des igned  t o  pe rmi t  t h e  i n s t a l l a t i o n  o f  a n  FA-7202 o r  e q u i v a l e n t  beacon 
d i r e c t i o n a l  a n t e n n a  and a n  FA-7205 o r  e q u i v a l e n t  o m n i - d i r e c t i o n a l  (SLS) 
an tenna .  Mounting p r o v i s i o n s  s h a l l  be s u p p l i e d  f o r  bo th  beacon a n t e n n a s .  
The d e s i g n  s h a l l  pe rmi t  f i e l d  i n s t a l l a t i o n  of t h e  beacon a n t e n n a s  w i t h  t h e  
r a d a r  a n t e n n a  r e f  l e c t o r  i n  p l a c e  on t o p  of t h e  tower.  The beacon a n t e n n a s  
a r e  t o  be mounted above t h e  r a d a r  a n t e n n a  r e f l e c t o r  i n  such a p o s i t i o n  t h a t  
n e g l i g i b l e  d e r o g a t i o n  of e i t h e r  t h e  beacon a n t e n n a  r a d i a t i o n  p a t t e r n s  o r  t h e  
r a d a r  a n t e n n a  r a d i a t i o n  p a t t e r n  r e s u l t  and s o  t h a t  a l l  o t h e r  s p e c i f i c a t i o n  
r e q u i r e m e n t s  e x c e p t  ba lance  (3.8.2.5) are a c h i e v e d ,  e i t h e r  w i t h  t h e  beacon 
a n t e n n a s  mounted o r  n o t  mounted i n  p o s i t i o n .  A c o a x i a l  c a b l e  (RG-218/U) 
w i t h  w a t e r p r o o f  c o n n e c t o r s  s h a l l  be s u p p l i e d  f o r  connec t ing  t h e  o u t p u t  of 
each  beacon s e c t i o n  of t h e  r o t a r y  j o i n t  t o  t h e  i n p u t  of t h e  beacon an tennas .  

3.8.7.4.1 Beacon d i r e c t i o n a l  an tenna  p r o v i s i o n s . -  Mounting p r o v i s i o n s  s h a l l  
be provided f o r  t h e  beacon d i r e c t i o n a l  an tenna .  The beacon d i r e c t i o n a l  
a n t e n n a  i s  t o  be mounted on t o p  of t h e  r a d a r  a n t e n n a  r e f l e c t o r .  

3.8.7.4.1.1 Antenna s u p p o r t  pads.-  The s u p p o r t  pads s h a l l  a c c e p t  t h e  beacon 
d i r e c t i o n a l  a n t e n n a  mounting as shown i n  F i g u r e  1. P r o v i s i o n s  s h a l l  be made 
t o  pe rmi t  e a s y  d i s c o n n e c t  of t h e  c o a x i a l  connec to r  a t  t h e  beacon d i r e c t i o n a l  
a n t e n n a  t o  a l l o w  t e s t i n g  of t h e  c a b l e  w i t h o u t  t h e  n e c e s s i t y  of removing t h e  
beacon d i r e c t i o n a l  a n t e n n a  o r  changing t h e  s u p p o r t  a l ignment .  There  s h a l l  
be no mechanical  i n t e r f e r e n c e  between t h e  an tenna  s t r u c t u r e s ,  

3.8.7.4.1.2 Radar/beacon d i r e c t i o n a l  a n t e n n a  a l ignment . -  The s t r u c t u r a l  
r i g i d i t y  of t h e  beacon a n t e n n a  s u p p o r t  pads s h a l l  be such t h a t  w h i l e  
o p e r a t i n g  a t  12.5 rpm, t h e  maximum power p o i n t  of t h e  a z i m u t h a l  r a d i a t e d  
beam of t h e  beacon d i r e c t i o n a l  a n t e n n a  s h a l l  be no more t h a n  0 . 1  d e g r e e  
from t h e  c o r r e c t  p o s i t i o n  of t h e  maximum power p o i n t  of t h e  az imutha l  
r a d i a t e d  beam of t h e  pr imary r a d a r .  

3.8.7.4.1.3 Beacon a n t e n n a  t i l t . -  The mounting pads f o r  t h e  beacon 
d i r e c t i o n a l  a n t e n n a  s h a l l  be l e v e l  when t h e  r a d a r  a n t e n n a  is  set f o r  o0 
e l e c t r i c a l  t i l t .  

3.8.7.4.1.4 Antenna weight . -  The t o t a l  weight  o f  t h e  beacon d i r e c t i o n a l  
a n t e n n a  w i l l  n o t  exceed 340 pounds. The s t r u c t u r e  of t h e  r a d a r  an tenna  s h a l l  
be c a p a b l e  of s u p p o r t i n g  t h i s  load  under  a l l  ex t remes  of t h e  s e r v i c e  
c o n d i t i o n s .  

3.8.7.4.2 Mounting p r o v i s i o n s  f o r  beacon o m n i - d i r e c t i o n a l  (SLS) antenna. -  
The SLS a n t e n n a  i s  t o  be mounted on t o p  of t h e  r a d a r  a n t e n n a  and t o  t h e  
r e a r  of t h e  beacon d i r e c t i o n a l  an tenna .  The b a s e  of t h e  SLS a n t e n n a  s h a l l  
be l e v e l  w i t h  t h e  t o p  of t h e  beacon d i r e c t i o n a l  an tenna .  

3.8.7.4.2.1 Antenna s u p p o r t  f l a n g e . -  The suppor t  f l a n g e  s h a l l  a c c e p t  t h e  
SLS a n t e n n a  mounting f l a n g e  which is a f l a t  c i r c u l a r  metal p l a t e  s i x  i n c h e s  
i n  d iamete r .  The s u p p o r t  f l a n g e  s h a l l  c o n t a i n  f o u r  mounting s t u d s  e q u a l l y  
spaced on a 4.750 i n c h  b o l t  c i r c l e .  The s t u d s  s h a l l  be 3 / 8  inch  d i a m e t e r ,  
1 -1 /2  inch  long (N.S.) ( t h r e a d e d  f u l l  l e n g t h  - 16 UNC-2A). Mounting n u t s  



3.8.7.4 Beacon a n t e n n a  p r o v i s i o n s . -  The s t r u c t u r e  of t h e  r e f l e c t o r  s h a l l  be - 
des igned  t o  pe rmi t  t h e  i n s t a l l a t i o n  o f  a n  FA-7202 o r  e q u i v a l e n t  beacon 
d i r e c t i o n a l  a n t e n n a  and a n  FA-7205 o r  e q u i v a l e n t  o m n i - d i r e c t i o n a l  (SLS) 
an tenna .  Mounting p r o v i s i o n s  s h a l l  be s u p p l i e d  f o r  bo th  beacon a n t e n n a s .  
The d e s i g n  s h a l l  pe rmi t  f i e l d  i n s t a l l a t i o n  of t h e  beacon a n t e n n a s  w i t h  t h e  
r a d a r  a n t e n n a  r e f  l e c t o r  i n  p l a c e  on t o p  of t h e  tower.  The beacon a n t e n n a s  
a r e  t o  be mounted above t h e  r a d a r  a n t e n n a  r e f l e c t o r  i n  such a p o s i t i o n  t h a t  
n e g l i g i b l e  d e r o g a t i o n  of e i t h e r  t h e  beacon a n t e n n a  r a d i a t i o n  p a t t e r n s  o r  t h e  
r a d a r  a n t e n n a  r a d i a t i o n  p a t t e r n  r e s u l t  and s o  t h a t  a l l  o t h e r  s p e c i f i c a t i o n  
r e q u i r e m e n t s  e x c e p t  ba lance  (3.8.2.5) are a c h i e v e d ,  e i t h e r  w i t h  t h e  beacon 
a n t e n n a s  mounted o r  n o t  mounted i n  p o s i t i o n .  A c o a x i a l  c a b l e  (RG-218/U) 
w i t h  w a t e r p r o o f  c o n n e c t o r s  s h a l l  be s u p p l i e d  f o r  connec t ing  t h e  o u t p u t  of 
each  beacon s e c t i o n  of t h e  r o t a r y  j o i n t  t o  t h e  i n p u t  of t h e  beacon an tennas .  

3.8.7.4.1 Beacon d i r e c t i o n a l  an tenna  p r o v i s i o n s . -  Mounting p r o v i s i o n s  s h a l l  
be provided f o r  t h e  beacon d i r e c t i o n a l  an tenna .  The beacon d i r e c t i o n a l  
a n t e n n a  i s  t o  be mounted on t o p  of t h e  r a d a r  a n t e n n a  r e f l e c t o r .  

3.8.7.4.1.1 Antenna s u p p o r t  pads.-  The s u p p o r t  pads s h a l l  a c c e p t  t h e  beacon 
d i r e c t i o n a l  a n t e n n a  mounting as shown i n  F i g u r e  1. P r o v i s i o n s  s h a l l  be made 
t o  pe rmi t  e a s y  d i s c o n n e c t  of t h e  c o a x i a l  connec to r  a t  t h e  beacon d i r e c t i o n a l  
a n t e n n a  t o  a l l o w  t e s t i n g  of t h e  c a b l e  w i t h o u t  t h e  n e c e s s i t y  of removing t h e  
beacon d i r e c t i o n a l  a n t e n n a  o r  changing t h e  s u p p o r t  a l ignment .  There  s h a l l  
be no mechanical  i n t e r f e r e n c e  between t h e  an tenna  s t r u c t u r e s ,  

3.8.7.4.1.2 Radar/beacon d i r e c t i o n a l  a n t e n n a  a l ignment . -  The s t r u c t u r a l  
r i g i d i t y  of t h e  beacon a n t e n n a  s u p p o r t  pads s h a l l  be such t h a t  w h i l e  
o p e r a t i n g  a t  12.5 rpm, t h e  maximum power p o i n t  of t h e  a z i m u t h a l  r a d i a t e d  
beam of t h e  beacon d i r e c t i o n a l  a n t e n n a  s h a l l  be no more t h a n  0 . 1  d e g r e e  
from t h e  c o r r e c t  p o s i t i o n  of t h e  maximum power p o i n t  of t h e  az imutha l  
r a d i a t e d  beam of t h e  pr imary r a d a r .  

3.8.7.4.1.3 Beacon a n t e n n a  t i l t . -  The mounting pads f o r  t h e  beacon 
d i r e c t i o n a l  a n t e n n a  s h a l l  be l e v e l  when t h e  r a d a r  a n t e n n a  is  set f o r  o0 
e l e c t r i c a l  t i l t .  

3.8.7.4.1.4 Antenna weight . -  The t o t a l  weight  o f  t h e  beacon d i r e c t i o n a l  
a n t e n n a  w i l l  n o t  exceed 340 pounds. The s t r u c t u r e  of t h e  r a d a r  an tenna  s h a l l  
be c a p a b l e  of s u p p o r t i n g  t h i s  load  under  a l l  ex t remes  of t h e  s e r v i c e  
c o n d i t i o n s .  

3.8.7.4.2 Mounting p r o v i s i o n s  f o r  beacon o m n i - d i r e c t i o n a l  (SLS) antenna. -  
The SLS a n t e n n a  i s  t o  be mounted on t o p  of t h e  r a d a r  a n t e n n a  and t o  t h e  
r e a r  of t h e  beacon d i r e c t i o n a l  an tenna .  The b a s e  of t h e  SLS a n t e n n a  s h a l l  
be l e v e l  w i t h  t h e  t o p  of t h e  beacon d i r e c t i o n a l  an tenna .  

3.8.7.4.2.1 Antenna s u p p o r t  f l a n g e . -  The suppor t  f l a n g e  s h a l l  a c c e p t  t h e  
SLS a n t e n n a  mounting f l a n g e  which is a f l a t  c i r c u l a r  metal p l a t e  s i x  i n c h e s  
i n  d iamete r .  The s u p p o r t  f l a n g e  s h a l l  c o n t a i n  f o u r  mounting s t u d s  e q u a l l y  
spaced on a 4.750 i n c h  b o l t  c i r c l e .  The s t u d s  s h a l l  be 3 / 8  inch  d i a m e t e r ,  
1 -1 /2  inch  long (N.S.) ( t h r e a d e d  f u l l  l e n g t h  - 16 UNC-2A). Mounting n u t s  
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3.8.9 Azimuth p o s i t i o n  d a t a  sys tem.-  The az imuth  p o s i t i o n  d a t a  sys tem s h a l l  
i n c l u d e  d e v i c e s  on t h e  a n t e n n a  t o  g e n e r a t e  az imuth  d a t a  and t h e  n e c e s s a r y  
a m p l i f i c a t i o n  and p r o c e s s i n g  c i r c u i t r y  t o  i n t e r f a c e  w i t h  o t h e r  equipments  
a t  t h e  t r a n s m i t t e r  and remote s i t e s .  

3 .8 .9 .1  Dual sys tem requ i rement . -  The az imuth  p o s i t i o n  d a t a  sys tem s h a l l  
be composed of two complete  and s e p a r a t e  sys tems.  The az imuth  d a t a  sys tems 
s h a l l  c o n s i s t  of two s e p a r a t e  az imuth  p u l s e  g e n e r a t o r s ,  two s e p a r a t e  l i n e  
d r i v e r  p u l s e  a m p l i f i e r s ,  two s e p a r a t e  s h a p e r  a m p l i f i e r s ,  and two s e p a r a t e  
power s u p p l i e s .  These redundant  az imuth  d a t a  s o u r c e s  s h a l l  o p e r a t e  
i n d e p e n d e n t l y  such t h a t  f a i l u r e  o r  removal of  one u n i t  s h a l l  n o t  i n t e r f e r e  
w i t h  p r o p e r  0pera t io .n  of  t h e  o t h e r  u n i t .  One g e n e r a t o r  s h a l l  be d i r e c t l y  
coupled t o  t h e  r o t a t i n g  p o r t i o n  of  t h e  a n t e n n a  w i t h o u t  u s e  of g e a r s ;  t h e  
o t h e r  s h a l l  be d r i v e n  th rough  a g e a r  t r a i n  of o n l y  one g e a r  mesh. E i t h e r  
g e n e r a t o r  s h a l l  be removable w i t h o u t  i n t e r f e r i n g  w i t h  t h e  o p e r a t i o n  of t h e  
o t h e r .  

3.8.9.2 R e l i a b i l i t y  o f  o p e r a t i o n . -  The azimuth p u l s e  g e n e r a t i o n  components 
of  t h e  a n t e n n a  assembly s h a l l  be d e s i g n e d  f o r  con t inuous  and r e l i a b l e  
o p e r a t i o n .  P r e v e n t i v e  main tenance ,  i n c l u d i n g  l u b r i c a t i o n  and a d j u s t m e n t ,  
s h a l l  n o t  be r e q u i r e d  more f r e q u e n t l y  t h a n  once e a c h  8 ,000  h o u r s  of  a c t u a l  
o p e r a t i o n .  Replacement of p a r t s  o r  o v e r h a u l  r e q u i r i n g  more t h a n  one hour  
a n t e n n a  downtime s h a l l  n o t  be r e q u i r e d  more f r e q u e n t l y  t h a n  once e v e r y  f i v e  
y e a r s  of a c t u a l  o p e r a t i o n .  The number of e l e c t r o n i c  components l o c a t e d  a t  
t h e  a n t e n n a  p e d e s t a l  s h a l l  be k e p t  t o  a n  a b s o l u t e  minimum. Where r e p l a c e -  
ment of modules o r  of t h e  complete  u n i t  w i t h  a s p a r e  can  be made i n  less 
than  10  m i n u t e s  a n t e n n a  downtime w i t h  subsequen t  bench o v e r h a u l ,  t h e  r e -  
placement o r  o v e r h a u l  i n t e r v a l  may be reduced t o  once e v e r y  t h r e e  y e a r s  
of a c t u a l  o p e r a t i o n .  

3.8.9.3 Azimuth p u l s e  g e n e r a t o r s . -  The azimuth p u l s e  g e n e r a t o r  s h a l l  
g e n e r a t e  4096 p u l s e s  and one r e f e r e n c e  p u l s e  f o r  e a c h  r o t a t i o n  o f  t h e  
, an tenna .  The p u l s e - t o - p u l s e  j i t t e r  of  t h e  az imuth change ,pu l se  s h a l l  be 
no g r e a t e r  t h a n  510% of t h e  nominal  s p a c i n g ,  and t h e  az*uth r e f e r e n c e  
p u l s e  j i t t e r  s h a l l  be no g r e a t e r  t h a n  520% of t h e  azimut'rj change p u l s e  
spac ing .  The o u t p u t  c h a r a c t e r i s t i c s  o f  az imuth  change p  lses and t h e  

be as f o l l o w s :  
t azimuth r e f e r e n c e  p u l s e  d e r i v e d  from t h e  a n t e n n a  p e d e s t a  mounted APG s h a l l  

( a )  Azimuth Change P u l s e s  (ACPs): A series of 4096 p u l s e s  g e n e r a t e d  
f o r  e a c h  360 d e g r e e  r o t a t i o n  of  t h e  an tenna .  An o u t p u t  waveform 
approx imat ing  a s i n e  wave i s  a c c e p t a b l e .  

( b )  Azimuth Refe rence  P u l s e  (ARP): A s i n g l e  p u l s e ,  a s  one ARP, f o r  
e a c h  360 d e g r e e  r o t a t i o n  of  t h e  an tenna .  An o u t p u t  waveform 
approx imat ing  a s i n e  wave is a c c e p t a b l e .  The ARP s h a l l  be 
g e n e r a t e d  midway between two ACPs. 

( c )  P u l s e  Amplitude ( ACPs and ARP) : A t  l e a s t  3 v o l t s  peak on p o s i t i v e -  
go ing  e x c u r s  i o n s .  a 



( d )  Output  i s o l a t i o n :  S e p a r a t e  o u t p u t  c o n n e c t o r s  s h a l l  be provided 
f o r  t h e  ACP and ARP s i g n a l s ,  I s o l a t i o n  between o u t p u t s ,  i n c l u d i n g  
hum and n o i s e ,  s h a l l  be 40 dB o r  more. 

The APG s h a l l  employ a n  o p t i c a l  encoder  and s o l i d - s t a t e  l i g h t  s o u r c e .  
The above c h a r a c t e r i s t i c s  s h a l l  be met when measured at t h e  ends  of RG-59/U 
f o r  any c a b l e  l e n g t h  up t o  300 f e e t  when t e r m i n a t e d  i n  75 ohms. 

3.8.9.4 Azimuth accuracy . -  The azimuth p u l s e  s h a l l  i n d i c a t e  by p u l s e  count  
t h e  a n g u l a r  p o s i t i o n  of t h e  c e n t e r  of t h e  r a d a r  beam as determined by t h e  
p o s i t i o n  of t h e  r o t a t i n g  p o r t i o n  of t h e  a n t e n n a  p e d e s t a l ,  w i t h  an  a n g u l a r  
e r r o r  n o t  t o  exceed - +0.088O. P r o v i s i o n s  s h a l l  be made f o r  s e t t i n g  t h e  ARP 
t o  any a n g l e  w i t h  r e s p e c t  t o  t h e  an tenna .  

3.8.10 Antenna m a t e r i a l s  and f i n i s h . -  The a n t e n n a  assembly s h a l l  u t i l i z e  
m a t e r i a l s ,  c o a t i n g s  and f i n i s h e s  which are i n h e r e n t l y  r e s i s t a n t  t o  t h e  
c o r r o s i v e  (smog) env i ronments  found a t  many a i r p o r t  s i t e s .  A s  a minirnum, 
t h e  r e f l e c t o r  and back s t r u c t u r e  s h a l l  be f a b r i c a t e d  from aluminum o r  o t h e r  
i n h e r e n t l y  c o r r o s i o n  r e s i s t a n t  material ( n o t  s t e e l ) .  O t h e r  p o r t i o n s  of t h e  
a n t e n n a  assembly s h a l l  a l s o  be of c o r r o s i o n  r e s i s t a n t  m a t e r i a l s  t o  t h e  
maximum e x t e n t  p o s s i b l e .  Any p o r t i o n s  of t h e  a n t e n n a  assembly o t h e r  t h a n  
t h o s e  s p e c i f i c a l l y  a l lowed  by paragraph  1-3.15.1 of FAA-G-2100/1, s h a l l  
n o t  be f a b r i c a t e d  from steel u n l e s s  e x p r e s s  w r i t t e n  a p p r o v a l  i s  o b t a i n e d  
from t h e  c o n t r a c t i n g  o f f i c e r .  

A l l  exposed m e t a l  s u r f a c e s  of t h e  a n t e n n a  assembly s h a l l  be p r o t e c t i v e l y  
coa ted  u s i n g  t h e  f o l l o w i n g  t h r e e  f i n i s h e s :  

1. Zinc chromate wash p r imer  p e r  MIL-C-8514, t h i c k n e s s  ,0002 t o  .0003 
inches .  

Chemical f i l m  p e r  MIL-C-5541, Type I o r  11, Grade C ,  Class 3. 

2. Epoxy pr imer  p e r  MIL-P-23377 o r  e q u i v a l e n t ,  t h i c k n e s s  ,0007 i n c h e s  
max. 

3. Po lyure thane  Enamel p e r  MIL-C-38412, Type 11, c o l o r  i n t e r n a t i o n a l  
o range ,  c o l o r  number 12196 p e r  Fed. S t d .  595,  t h i c k n e s s  .0014 t o  .0018. 

T h i s  paragraph m o d i f i e s  S e c t i o n  1-3.8 of -FAA-G-2100/1 f o r  t h e  an tenna  on ly .  

' -. 3 . 9  Antenna RF c h a r a c t e r i s t i c s . -  The RF c h a r a c t e r i s t i c s  of t h e  a n t e n n a  s h a l l  
meet a l l  performance r e q u i r e m e n t s  o v e r  t h e  complete  range  of f r e q u e n c i e s  
from 2700 t o  2900 MHz w i t h o u t  s u b s t i t u t i o n  o f  components o r  ad jus tments .  
The a n t e n n a  s h a l l  produce a s i n g l e  t r a n s m i t  p a t t e r n ,  a r e c e i v e  p a t t e r n  
i d e n t i c a l  t o  t h e  t r a n s m i t  p a t t e r n ,  and a second r e c e i v e  p a t t e r n  a t  a h i g h e r  
e l e v a t i o n  a n g l e  t o  p r o v i d e  s h o r t - r a n g e  coverage  having a h i g h e r  s i g n a l - t o -  
c l u t t e r  r a t i o .  The second p a t t e r n  s h a l l  be g e n e r a t e d  by a n  a d d i t i o n a l  
r e c e i v e - o n l y  f e e d  horn  ( p a s s i v e  f e e d  h o r n )  p laced  under  t h e  c o n v e n t i o n a l  
t r a n s m i t / r e c e i v e  f e e d  horn  (main f e e d  h o r n ) .  The r e q u i r e m e n t s  s p e c i f i e d  
below are g i v e n  i n  terms of one-way power f o r  a l i n e a r  p o l a r i z e d  mode of 
o p e r a t i o n  u n l e s s  o t h e r w i s e  s p e c i f i e d .  



3.9.1 Power g a i n . -  The g a i n  of t h e  a n t e n n a  p a t t e r n  a s s o c i a t e d  s o l e l y  w i t h  
t h e  main f e e d  horn  i n  t h e  d i r e c t i o n  of  maximum r a d i a t i o n  and r e c e p t i o n  s h a l l  
be a minimum of 33.5 dB r e l a t i v e  t o  a n  i s o t r o p i c  source .  The g a i n  of t h e  
a n t e n n a  p a t t e r n  a s s o c i a t e d  s o l e l y  w i t h  t h e  p a s s i v e  f e e d  horn  i n  t h e  d i r e c t i o n  
of maximum r e c e p t i o n  s h a l l  be 32.5 dB r e l a t i v e  t o  a n  i s o t r o p i c  source .  The 
i n s e r t i o n  l o s s  of t h e  a n t e n n a  p a t t e r n  s e l e c t o r  s h a l l  n o t  be i n c l u d e d  i n  t h i s  
measurement. 

3.9.2 V o l t a g e  s t a n d i n g  wave r a t i o . -  The v o l t a g e  s t a n d i n g  wave r a t i o  (VSWR) - 
f o r  t h e  o v e r a l l  a n t e n n a ,  w i t h  t h e  f e e d  h o r n s  i n  p l a c e  and matched t o  t h e  
a n t e n n a  r e f l e c t o r ,  when measured a t  t h e  i n p u t  of t h e  waveguide runn ing  
between t h e  r o t a r y  j o i n t  and t h e  p o l a r i z e r ,  s h a l l  n o t  exceed 1.3 f o r  e i t h e r  
a n t e n n a  f e e d  p a t h  i n  e i t h e r  t h e  v e r t i c a l  o r  c i r c u l a r  p o s i t i o n s  of  t h e  
p o l a r i z e r s .  I n  a d d i t i o n ,  t h e  v o l t a g e  s t a n d i n g  wave r a t i o  of t h e  f e e d  p a t h  
a s s o c i a t e d  w i t h  t h e  main f e e d  horn  s h a l l  n o t  e x c e e d  1 .4  d u r i n g  t h e  t r a n s i t , i o n  
of t h e  p o l a r i z e r  when s w i t c h i n g  between l i n e a r  and c i r c u l a r  p o l a r i z a t i o n .  
O v e r a l l  VSWR measurements s h a l l  be t a k e n  c o n t i n u o u s l y  o v e r  t h e  f r e q u e n c y  
range  of  2700 t o  2900 MHz. The measurements s h a l l  be made f o r  t h e  optimum 
s e t t i n g  of t h e  p o l a r i z e r s  t o  cover  t h e  complete  f r equency  band. D i s t o r t i n g  
t h e  waveguide o r  t h e  a d d i t i o n  of d i e l e c t r i c  m a t e r i a l  t o  i n d i v i d u a l  s e c t i o n s  
of  t h e  RF sys tem t o  c o r r e c t  t h e  VSWR w i l l  n o t  be a l lowed.  

3.9.3 Power h a n d l i n g  c a p a c i t y . -  The power h a n d l i n g  c a p a c i t y  of t h e  v e r t i c a l /  
c i r c u l a r  p o l a r i z e r ,  f e e d  h o r n ,  and a l l  i n t e r c o n n e c t i n g  waveguide on t h e  
a n t e n n a  f o r  t h e  main f e e d  horn  p a t h  s h a l l  be a t  l e a s t  1.25 MW peak a t  0.0007 
d u t y  c y c l e .  The same f e e d  horn  p a t h  s h a l l  have a power h a n d l i n g  c a p a b i l i t y  
of  2 , 5  MW peak a t  0.0007 d u t y  c y c l e  w i t h  p r e s s u r i z a t i o n .  The power h a n d l i n g  
c a p a b i l i t y  of  t h e  v e r t i c a l / c i r c u l a r  p o l a r i z e r ,  f e e d  h o r n ,  and a l l  i n t e r -  
c o n n e c t i n g  waveguide on t h e  a n t e n n a  f o r  t h e  p a s s i v e  f e e d  horn  p a t h  s h a l l  
be adequa te  t o  h a n d l e  w i t h o u t  p r e s s u r i z a t i o n  t h e  maximum power r e c e i v e d  
by t h e  p a s s i v e  f e e d  h o r n  by r e f l e c t i o n  o r  mutual  coup l ing  of t h e  r a d i a t e d  
energy  of t h e  main f e e d  horn  t r a n s m i t t i n g  2.5 MW peak power a t  0.0007 d u t y  
c y c l e .  

3.9.4 Azimuth r e l a t i v e  f i e l d  s t r e n g t h  p a t t e r n s . -  The r e l a t i v e  f i e l d  s t r e n g t h  
of  t h e  a n t e n n a  p a t t e r n  a s s o c i a t e d  w i t h  t h e  main f e e d  horn  s h a l l  have t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s .  The azimuth beamwidth i n  t h e  p r i n c i p a l  az imuth 
p lane  s h a l l  be 1.35' minimum a t  -3 dB and 4' maximum a t  -20 dB. From t h e  
i inders ide  -6  dB power p o i n t  of t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  p a t t e r n  t o  
10' i n  e l e v a t i o n  above t h e  p r i n c i p a l  az imuth p l a n e ,  t h e  az imuth beamwidth 
w i t h  r e s p e c t  t o  t h e  maximum power a t  t h e  same e l e v a t i o n  s h a l l  be 1.35 

0 
minimum a t  - 3  dB and 4' maximum a t  -17 dB. From 10.1' t o  20 i n  e l e v a t i o n  
above t h e  p r i n c i p a l  az imuth  p l a n e ,  t h e  az imuth  beamwidth w i t h  r e s p e c t  t o  
t h e  maximum power a t  t h e  same e l e v a t i o n  s h a l l  be 1.35O minimum a t  - 3  dB and 
5.0' maximum at  -17 dB. From 20. lo t o  30' i n  e l e v a t i o n  above t h e  p r i n c i p a l  
az imuth p l a n e ,  t h e  az imuth beamwidth w i t h  r e s p e c t  t o  t h e  maximum power at 
t h e  same e l e v a t i o n  s h a l l  be 1.35' minimum a t  -3 dB and 5.5' maximum a t  -15 dB. 
From t h e  u n d e r s i d e  - 6  dB power p o i n t  of t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  p a t t e r n  
t o  30' i n  e l e v a t i o n  above t h e  p r i n c i p a l  az imuth p l a n e ,  t h e  midpo in t  of e a c h  
-10 dB beamwidth s h a l l  f a l l  w i t h i n  0.10' of t h e  midpo in t  of  i t s  r e s p e c t i v e  
-3 dB beamwidth. S i m i l a r l y ,  t h e  midpo in t  of e a c h  -15 dB, -17 dB, o r  -20 dB 
beamwidth, whichever  i s  s p e c i f i e d  above,  s h a l l  f a l l  w i t h i n  0.20' of i t s  
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r e s p e c t i v e  - 3  dB beamwidth. The r e l a t i v e  f i e l d  s t r e n g t h  of the  antenna 
p a t t e r n  a s s o c i a t e d  wi th  t h e  pass ive  f eed  horn s h a l l  have t h e  fo l lowing  
c h a r a c t e r i s t i c s .  The azimuth beamwidth i n  t h e  p r i n c i p a l  azimuth plane 
s h a l l  be 1,35O minimum a t  -3 dB and 4.4O maximum a t  -20 dB. From t h e  
unders ide  -20 dB t o  -15.1 dB power p o i n t s  of t h e  p r i n c i p a l  e l e v a t i o n  
plane p a t t e r n ,  t h e  azimuth beamwidth w i th  r e s p e c t  t o  t h e  maximum power 
a t  t h e  same e l e v a t i o n  ang le  s h a l l  be 1. lo minimum a t  -3  dB and 3 . 0 ~  

a 
maximum a t  -10 dB. From the  unders ide  -15.0 dB t o  -6.1 dB power p o i n t s  
of t h e  p r i n c i p a l  e l e v a t i o n  plane p a t t e r n ,  t h e  azimuth beamwidth wi th  
r e s p e c t  t o  t h e  maximum power a t  t h e  same e l e v a t i o n  ang le  s h a l l  be 1.2 0 

minimum a t  -3  dB and 4.0° maximum at  -15 dB. From t h e  underside -6.0 dB 
L 

power po in t  of t he  p r i n c i p a l  e l e v a t i o n  plane p a t t e r n  t o  +lo0 i n  e l e v a t i o n  
above the  p r i n c i p a l  azimuth p lane ,  t h e  azimuth beamwidth wi th  r e s p e c t  
t o  t h e  maximum power at t h e  same e l e v a t i o n  ang le  s h a l l  be 1 . 3 5 ~  minimum 
a t  -3 dB and 4.4' maximum at  -17 dB. From +lo.  lo t o  +20.0° i n  e l e v a t i o n  
above the  p r i n c i p a l  azimuth p lane ,  t h e  azimuth beamwidth wi th  r e s p e c t  
t o  t h e  maximum power a t  t h e  same e l e v a t i o n  angle  s h a l l  be 1 . 3 5 ~  minimum 
at  - 3  dB and 5.5O maximum at  -17 dB. From +20.0° t o  +28O i n  e l e v a t i o n  
above the  p r i n c i p a l  azimuth p lane ,  t h e  azimuth beamwidth wi th  r e s p e c t  
t o  t h e  maximum power a t  t he  same e l e v a t i o n  angle  s h a l l  be 1 . 3 5 ~  minimum 
a t  - 3  dB and 6.0' maximum at  -15 dB. From t h e  unders ide  -20 dB t o  -15.1 dB 
power p o i n t s  of t he  p r i n c i p a l  e l e v a t i o n  p lane  p a t t e r n ,  t h e  midpoint of 
each -10 dB poin t  s h a l l  f a l l  w i t h i n  0.20' of t h e  midpoint of i t s  respec-  
t i v e  - 3  dB beamwidth. From t h e  unders ide  -15 dB power po in t  of t h e  
p r i n c i p a l  e l e v a t i o n  p lane  p a t t e r n  t o  2 8 . 0 ~  i n  e l e v a t i o n  above t h e  p r i n c i p a l  
azimuth p lane ,  t h e  midpoint of each -10 dB beamwidth s h a l l  f a l l  w i th in  
0 , 1 0 ~  of t h e  midpoint of i t s  r e s p e c t i v e  -3  dB beamwidth. S i m i l a r l y ,  
t he  midpoint of each -15 dB, -17 dB, o r  -20 dB beamwidth, whichever is 
s p e c i f i e d  above, s h a l l  f a l l  w i th in  0.20' of i t s  r e s p e c t i v e  -3 dB beamwidth. 

3.9.4.1 Azimuth s i d e  lobes . -  An azimuth s i d e  lobe w i l l  be considered t o  be 
any lobe not  i n  t h e  back lobe s e c t o r .  The s i d e  lobe l e v e l s  are s p e c i f i e d  
w i th  r e s p e c t  t o  peak power i n  t h e  plane i n  which t h e  p a t t e r n  measurement 
i s  made. The azimuth s i d e  lobes  of t h e  antenna p a t t e r n  a s s o c i a t e d  wi th  
t h e  main f eed  horn s h a l l  be down not  less than 24 dB i n  t h e  p r i n c i p a l  
azimuth p lane ,  down not  less than  20 dB at +lo0 above t h e  p r i n c i p a l  
azimuth p lane ,  down not  l e s s  than 17 dB at *30° above t h e  p r i n c i p a l  
azimuth p l ane ,  and down not  l e s s  than 20 dB a t  t h e  angle  below t h e  
p r i n c i p a l  azimuth p lane  equa l  t o  t h e  6  dB down poin t  of t h e  p r i n c i p a l  
e l e v a t i o n  plane p a t t e r n .  The azimuth s i d e  lobes a t  o t h e r  in te rmedia te  
e l e v a t i o n  a n g l e s  s h a l l  be down a t  l e a s t  t o  t h e  e x t e n t  t h a t  t h e i r  dB va lues  
are equa l  t o  o r  g r e a t e r  than  t h a t  r equ i r ed  f o r  them t o  have a d i r e c t  l i n e a r  
r e l a t i o n s h i p  t o  t h e  e l e v a t i o n  ang le s  between t h e  ang le  of t h e  underside 
6  dB down po in t  of t h e  p r i n c i p a l  e l e v a t i o n  plane and t h e  p r i n c i p a l  azimuth 
plane (from -20 dB t o  -24 dB); t o  t h e  e l e v a t i o n  ang le s  between t h e  p r i n c i p a l  
azimuth plane and + lo0  above t h e  p r i n c i p a l  azimuth p lane  (from -24 dB t o  
-20 dB); and t o  t h e  e l e v a t i o n  ang le s  between +lo0 above t h e  p r i n c i p a l  
azimuth plane and +30° above t h e  p r i n c i p a l  azimuth plane (from -20 dB t o  
-17 dB). The azimuth plane s i d e  lobes  of t h e  antenna p a t t e r n  a s s o c i a t e d  
wi th  t h e  pas s ive  f eed  horn s h a l l  be no t  more than  2  dB g r e a t e r  than  those  
s p e c i f i e d  f o r  t h e  main f e e d  horn. I n  a d d i t i o n ,  t h e  azimuth p lane  s i d e  



l o b e s  of t h e  p a t t e r n  a s s o c i a t e d  w i t h  t h e  p a s s i v e  f e e d  horn  s h a l l  be down 
n o t  l e s s  t h a n  13 dB at  t h e  a n g l e  below t h e  p r i n c i p a l  az imuth p l a n e  e q u a l  
t o  t h e  -20 dB p o i n t  of t h e  p r i n c i p a l  e l e v a t i o n  p lane .  The azimuth s i d e  
l o b e s  a t  u n d e r s i d e  e l e v a t i o n  a n g l e s  between t h e  -20 dB and t h e  -6  dB 
p o i n t s  of t h e  p r i n c i p a l  e l e v a t i o n  p l a n e  s h a l l  be down a t  least t o  t h e  
e x t e n t  t h a t  t h e i r  dB v a l u e s  are e q u a l  t o  o r  g r e a t e r  t h a n  t h a t  r e q u i r e d  
f o r  them t o  have a d i r e c t  l i n e a r  r e l a t i o n s h i p  t o  t h e  e l e v a t i o n  a n g l e s  
between t h e s e  two p o i n t s  ( f rom -13 dB t o  -18 dB). 

3.9.5 E l e v a t i o n  r e l a t i v e  f i e l d  s t r e n g t h  p a t t e r n s .  - The r e l a t i v e  f i e l d  
s t r e n g t h  of t h e  an tenna  p a t t e r n  a s s o c i a t e d  w i t h  t h e  main f e e d  horn  i n  t h e  
p r i n c i p a l  e l e v a t i o n  p l a n e  s h a l l  have t h e  f o l l o w i n g  c h a r a c t e r i s t i c s .  The 
e l e v q t i o n  beamwidth a t  - 3  dB s h a l l  be 4.8' minimum. Above t h e  upper  h a l f  
power p o i n t ,  t h e  r e l a t i v e  f i e l d  s t r e n g t h  p a t t e r n  s h a l l  be a smooth curve 
s t a r t i n g  a t  t h e  upper  - 3  dB p o i n t  and d e s c r i b e d  i n  terms of dB down from 
t h e  maximum power of t h e  p r i n c i p a l  e l e v a t i o n  p lane  p a t t e r n  a t  e l e v a t i o n  
a n g l e s  above t h e  g r i n c i p a l  az imuth p l a n e  as f o l l o w s :  6  dB down a t  6O, 
9.5 dB down a t 12 , 11 dB down a t  l a0 ,  12 dB down a t  25O, and 15 dB down 
a t  30'. The a l l o w a b l e  d e p a r t u r e  from t h e  above p a t t e r n  s h a l l  be p l u s  no 
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l i m i t  and minus 1.0 dB, A t  a n  a n g l e  of 4.1 below t h e  u n d e r s i d e  - 3  dB 
power p o i n t ,  t h e  power s h a l l  be down n o t  l e s s  t h a n  20 dB below t h e  maximum 
power i n  t h e  p r i n c i p a l  e l e v a t i o n  p lane .  Any s i d e  lobe  on t h e  u n d e r s i d e  of 
t h e  beam s h a l l  be down n o t  less t h a n  22 dB below t h e  maximum power of t h e  
p r i n c i p a l  e l e v a t i o n  p l a n e  p a t t e r n .  The r e l a t i v e  f i e l d  s t r e n g t h  of t h e  
a n t e n n a  p a t t e r n  a s s o c i a t e d  w i t h  t h e  p a s s i v e  f e e d  horn i n  t h e  p r i n c i p a l  
e l e v a t i o n  p lane  s h a l l  have t h e  f o l l o w i n g  c h a r a c t e r i s t i c s .  The e l e v a t i o n  
beamwidth a t  - 3  dB s h a l l  be 4.8' minimum. Above t h e  upper  h a l f  power 
p o i n t ,  t h e  r e l a t i v e  f i e l d  s t r e n g t h  p a t t e r n  s h a l l  be a smooth curve s t a r t i n g  
at t h e  upper  - 3  dB p o i n t  and d e s c r i b e d  i n  terms of dB down from t h e  maximum 
power of t h e  p r i n c i p a l  e l e v a t i o n  p lane  p a t t e r n  a t  e l e v a t i o n  a n g l e s  above 
t h e  p r i n c i p a l  az imuth p l a n e  as f o l l o w s :  6  dB down a t  6O, 9.5 dB down a t  
12O, 11 dB down at 18O, 12 dB down a t  25O, and 15 dB down a t  28'. The 
a l l o w a b l e  d e p a r t u r e  from t h e  above p a t t e r n  s h a l l  be p l u s  no l i m i t  and 
minus 1.0 dB. A t  an  a n g l e  of 5. lo below t h e  u n d e r s i d e  - 3  dB power p o i n t ,  
t h e  power s h a l l  be down n o t  l e s s  t h a n  20 dB below t h e  maximum power i n  t h e  
p r i n c i p a l  e l e v a t i o n  p lane .  Any s i d e  l o b e s  on t h e  u n d e r s i d e  of t h i s  p a t t e r n  
s h a l l  be down n o t  l e s s  t h a n  20 dB below t h e  maximum power of i t s  r e s p e c t i v e  
p r i n c i p a l  e l e v a t i o n  p lane  p a t t e r n .  

3.9.6 Back r a d i a t i o n . -  The back r a d i a t i o n  f o r  t h e  p a t t e r n s  a s s o c i a t e d  w i t h  
t h e  main f e e d  horn and t h o s e  a s s o c i a t e d  w i t h  t h e  p a s s i v e  f e e d  horn s h a l l  be 
down no t  l e s s  t h a n  3 3  dB below t h e  nose  of t h e i r  r e s p e c t i v e  secondary beams 
(back  r a d i a t i o n  s h a l l  be c o n s i d e r e d  t o  be' any r a d i a t i o n  i n  t h e  hemisphere 
of space  bounded between t h e  a n g l e s  from 90' t o  270' t o  t h e  d i r e c t i o n  of 
maximum f i e l d  s t r e n g t h  of t h e  secondary beams). 

3.9.7 S e p a r a t i o n  between t h e  main and p a s s i v e  f e e d  horn a n t e n n a  p a t t e r n s . -  
The a x i s  of maximum f i e l d  s t r e n g t h  a s s o c i a t e d  w i t h  t h e  p a s s i v e  f e e d  horn 
a n t e n n a  p a t t e r n  s h a l l  be e l e v a t e d  above t h e  a x i s  of maximum f i e l d  s t r e n g t h  
f o r  t h e  a n t e n n a  p a t t e r n  a s s o c i a t e d  w i t h  t h e  main f e e d  horn  by an  a n g l e  t h a t  
w i l l  r e s u l t  i n  t h e  u n d e r s i d e  p r i n c i p a l  e l e v a t i o n  p lane  f i e l d  s t r e n g t h  of t h e  



p a t t e r n  a s s o c i a t e d  wi th  t h e  pas s ive  f e e d  horn f a l l i n g  14 dB + 1 dB 
below t h e  f i e l d  s t r e n g t h  of t h e  unders ide  -3 dB power po in t  ';;f t h e  
p r i n c i p a l  e l e v a t i o n  plane p a t t e r n  a s s o c i a t e d  wi th  t h e  main f eed  horn. 
The midpoint of t h e  3 dB power p o i n t s  of any azimuth plane p a t t e r n  
conta ined  wi th in  t h e  s p e c i f i e d  p r i n c i p a l  e l e v a t i o n  plane p a t t e r n  f o r  
t h e  an tenna  p a t t e r n s  a s s o c i a t e d  w i th  t h e  main and pas s ive  f eed  horns 
s h a l l  no t  d i f f e r  from t h e  midpoint of t h e  3  dB power p o i n t s  of t h e  

4 
p r i n c i p a l  azimuth p lane  an tenna  p a t t e r n  a s s o c i a t e d  wi th  t h e  main f eed  
horn by more than 0. lo. 

3.9.8 Hor izonta l  p o l a r i z a t i o n  component. - When ope ra t i ng  wi th  v e r t i c a l  
p o l a r i z a t i o n ,  t h e  c r o s s  ( h o r i z o n t a l )  p o l a r i z a t i o n  component of t h e  antenna 
f o r  both f e e d s  s h a l l  be a t  o r  below t h e  same l e v e l  s p e c i f i e d  f o r  t h e  
v e r t i c a l l y  po l a r i zed  s i d e  and back lobes  w i th in  t h e  angu la r  reg ion  
a p p l i c a b l e  t o  t h e s e  lobes  and down not  less than 18 dB from t h e  peak 
of t h e  v e r t i c a l  p o l a r i z a t i o n  p a t t e r n  i n  t h e  same azimuth plane w i th in  
t h e  angu la r  reg ion  covered by t h e  v e r t i c a l l y  po l a r i zed  main lobe. 

3.9.9 D i r e c t i o n a l  beam s q u i n t .  f requency.-  The midpoint of p r i n c i p a l  
azimuth plane p a t t e r n  a s s o c i a t e d  wi th  t h e  main f eed  horn s h a l l  remain 
w i t h i n  +O.1° over  t h e  frequency range of 2700 t o  2900 MHz wi th  r e s p e c t  
t o  t h e  midpoint  a t  2800 MHz. The unders ide  3  dB poin t  on t h e  p r i n c i p a l  
e l e v a t i o n  plane a s s o c i a t e d  wi th  t h e  main f eed  horn s h a l l  remain w i th in  
+0.2' over  t h e  frequency range o£ 2700 t o  2900 MHz wi th  r e s p e c t  t o  t he  
- unders ide  3  dB po in t  a t  2800 MHz. 

3.9.10 V e r t i c a l / c i r c u l a r  p o l a r i z a t i o n . -  The antenna system s h a l l  be 
designed t o  provide f o r  both v e r t i c a l  and c i r c u l a r  p o l a r i z a t i o n  of t h e  
RF s i g n a l s ,  The an tenna  f e e d s  s h a l l  have t he  same sense c i r c u l a r  p o l a r i -  
z a t i on .  It s h a l l  be p o s s i b l e  t o  meet o r  exceed t h e  s p e c i f i c a t i o n  per-  
formance requirements  wi thout  changing e i t h e r  p o l a r i z e r  ad jus tments  a f t e r  
i n i t i a l  s e t t i n g s .  The des ign  of t h e  p o l a r i z e r s  s h a l l  be such t h a t  t h e  
t r a n s m i t t e r  HV may be l e f t  on dur ing  t h e  t r a n s i t i o n  from LP t o  CP and v i c e  
ve r sa .  The des ign  of t h e  p o l a r i z e r  a s s o c i a t e d  w i th  t h e  main f eed  horn 
s h a l l  provide f o r  t he  or thogonal  c i r c u l a r  p o l a r i z e r  s i g n a l  being connected 
i n  t h e  normal f a s h i o n  t o  t h e  p o l a r i z e r  dummy load,  wi th  a p rov i s ion  f o r  
reconnec t ing  i t  i n  t h e  f i e l d  t o  a  s u i t a b l e  coax ia l  female connector  f o r  
use as a  weather d a t a  ou tput  source.  The a x i s  of maximum r e l a t i v e  f i e l d  
s t r e n g t h  f o r  v e r t i c a l  p o l a r i z a t i o n  of t h e  antenna f o r  e i t h e r  f eed  s h a l l  
no t  d i f f e r  from the  a x i s  of r e l a t i v e  f i e l d  s t r e n g t h  f o r  t h e  v e r t i c a l  
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components of c i r c u l a r  p o l a r i z a t i o n  by more than  0.1 i n  t h e  p r i n c i p a l  
azimuth plane and 0.2' i n  t h e  p r i n c i p a l  e l e v a t i o n  plane. 

3.9.11 Phase d i s tu rbance  due t o  p o l a r i z a t i o n  switchinq.-  The des ign  of t h e  
c i r c u l a r  p o l a r i z a t i o n  f e e d s  and swi tch ing  assembl ies  s h a l l  be such t h a t  when 
t h e  r a d a r  system i s  a d j u s t e d  f o r  optimum ope ra t i on  i n  e i t h e r  t h e  v e r t i c a l  
o r  c i r c u l a r  mode, swi tch ing  t o  t h e  o t h e r  mode w i l l  n o t  deroga te  t h e  MTI 
performance. This  requirement  does no t  apply  f o r  t r a n s i e n t  cond i t i ons  
t h a t  may e x i s t  dur ing  t h e  per iod  while  t h e  a c t u a l  switching i s  t ak ing  place.  

3.9.12 I n t e g r a t e d  c a n c e l l a t i o n  r a t i o  (ICR).- The i n t e g r a t e d  c a n c e l l a t i o n  
r a t i o  of t he  antenna f o r  t h e  p a t t e r n s  a s s o c i a t e d  w i t h  t h e  main f eed  horn and 

t h e  pass ive  f eed  horn s h a l l  be at least 22 dB as measured i n  t he  p r i n c i p a l  



e l e v a t i o n  plane.  The I C R  of t h e  antenna f o r  t h e  p a t t e r n s  a s s o c i a t e d  w i th  
t h e  main f eed  horn and pas s ive  f eed  horn s h a l l  be a t  l e a s t  22 dB i n  t h e  
p r i n c i p a l  azimuth p lane ,  17 dB a t  the  e l e v a t i o n  a n g l e  of t h e  underside 
-6 dB one-way power s t r e n g t h ,  17 dB a t  an  e l e v a t i o n  angle  of 5' above t h e  
nose of t h e  e l e v a t i o n  p a t t e r n ,  10 dB a t  an e l e v a t i o n  ang le  of 30' above 
t h e  nose of t h e  e l e v a t i o n  p a t t e r n  f o r  t h e  main f e e d  horn and 28O above t h e  
nose of t h e  e l e v a t i o n  p a t t e r n  f o r  t h e  pas s ive  f eed  horn. I n  a d d i t i o n ,  t h e  
I C R  s h a l l  be a t  least 8  dB i n  t he  azimuth plane a t  t he  e l e v a t i o n  ang le  of 
t h e  unders ide  -20 dB one-way power s t r e n g t h  of t h e  p a t t e r n  a s s o c i a t e d  wi th  
t h e  pas s ive  f e e d  horn. The dB va lue  of I C R  f o r  azimuth antenna p a t t e r n s  
f o r  both t h e  pas s ive  and main f eed  horns a t  o t h e r  e l e v a t i o n  ang le s  s h a l l  
be equa l  t o  o r  g r e a t e r  than t h a t  r equ i r ed  f o r  them t o  have a d i r e c t  l i n e a r  
r e l a t i o n s h i p  of dB ve r sus  angle  between each of t h e  p o i n t s  s p e c i f i e d .  A l l  
of t h e  above requirements  s h a l l  be m e t  over  t h e  frequency band from 2700 
t o  2900 MHz without  making any ad jus tments  on t h e  v e r t i c a l / c i r c u l a r  p o l a r i z e r s  
and feed  horns from t h e  one f i x e d  set of ad jus tments  r equ i r ed  f o r  t h e  b e s t  
o v e r a l l  i n t e g r a t e d  c a n c e l l a t i o n  r a t i o s .  

3.9.13 Antenna p a t t e r n  t e s t s . -  The c o n t r a c t o r  s h a l l  f u r n i s h  a  d e t a i l e d  des-  
c r i p t i o n  of t he  proposed t e s t  procedure t o  measure both t h e  v e r t i c a l  and 
c i r c u l a r  p o l a r i z a t i o n  p a t t e r n s  s p e c i f i e d  i n  t h e  foregoing  paragraphs.  I n  
a d d i t i o n ,  he s h a l l  p r e sen t  evidence t h a t  t h e  test  s i te  i s  s u f f i c i e n t l y  f r e e  
from ground r e f l e c t i o n s  t o  make I C R  measurements t o  an accuracy of 21 dB 
when measuring I C R  v a l u e s  up t o  22 dB. Continuous p a t t e r n  record ing  equip- 
ment s h a l l  be used t o  record  t h e , p a t t e r n  da t a .  The fo l lowing  subparagraphs 
f u r n i s h  a d d i t i o n a l  in format ion  concerning the  techniques  t o  be used i n  
performing some of t h e  p a t t e r n  measurements. 

3.9.13.1 V e r t i c a l  p o l a r i z a t i o n  p a t t e r n  tests.- With t h e  p o l a r i z e r s  s e t  f o r  
v e r t i c a l  p o l a r i z a t i o n ,  t h e  c o n t r a c t o r  s h a l l  perform the  fo l lowing  tests  a t  
2700, 2800, and 2900 MHZ. 

a. With the  antenna turned  on i t s  s i d e ,  measurements s h a l l  be made of 
t h e  p r i n c i p a l  e l e v a t i o n  plane p a t t e r n s  between 15' below t h e  
p r i n c i p a l  azimuth plane t o  35' above t h e  p r i n c i p a l  azimuth plane.  
The fo l lowing  azimuth plane measurements s h a l l  be made: The 
p r i n c i p a l  azimuth plane p a t t e r n ,  t h e  azimuth plane p a t t e r n  a t  t h e  
unders ide  -6  dB po in t  on t h e  p r i n c i p a l  e l e v a t i o n  p lane ,  and the  
azimuth p lane  p a t t e r n s  at + lo0 ,  +20°, and +30° (28O i n  l i e u  of 
30' f o r  the  p a t t e r n  a s s o c i a t e d  w i th  pass ive  f eed  horn)  above t h e  
p r i n c i p a l  azimuth plane. The azimuth plane p a t t e r n s  s h a l l  be 
measured between lo0 t o  t h e  l e f t  and 10' t o  t h e  r i g h t  of t h e  
maximum power p o i n t  i n  t h e  same plane. The above measurements 
s h a l l  be made f o r  p a t t e r n s  a s s o c i a t e d  wi th  t h e  main f eed  horn and 
f o r  those  p a t t e r n s  a s s o c i a t e d  w i th  t he  pass ive  f e e d  horn. Azimuth 
plane p a t t e r n  measurements s h a l l  a l s o  be made at t h e  underside -20 dB 
and -15 dB p o i n t s  on t h e  p r i n c i p a l  e l e v a t i o n  plane p a t t e r n  f o r  t h e  
p a t t e r n s  a s s o c i a t e d  w i th  t h e  pas s ive  f eed  horn. These p a t t e r n s  s h a l l  
be measured between lo0 t o  t h e  l e f t  and 10' t o  t h e  r i g h t  of t h e  
maximum power po in t  i n  t h e  same plane. A l l  azimuth plane p a t t e r n  
measurements above the  p r i n c i p a l  azimuth plane s h a l l  be made wi th  
t h e  antenna mounted upside down. A l l  azimuth p a t t e r n s  measured 
below the  p r i n c i p a l  azimuth p lane  s h a l l  be made with t h e  antenna 
mounted up r igh t .  



b. With t h e  antenna turned  on i t s  s i d e ,  t h e  p r i n c i p a l  e l e v a t i o n  plane 
p a t t e r n  s h a l l  be made f o r  the  360' of r o t a t i o n  f o r  t h e  antenna 
p a t t e r n s  a s s o c i a t e d  wi th  the  main f eed  horn and wi th  t h e  pas s ive  
f eed  horn. With t h e  an tenna  mounted up r igh t  and t h e  p r i n c i p a l  
azimuth p lane  of t h e  p a t t e r n  a s s o c i a t e d  wi th  t h e  main f eed  horn 
t i l t e d  up 2.5' above h o r i z o n t a l ,  t h e  antenna s h a l l  be r o t a t e d  360° 
i n  azimuth and p a t t e r n  measurements made i n  t he  plane perpendicu la r  
t o  t he  a x i s  of r o t a t i o n  f o r  t h e  antenna p a t t e r n s  a s s o c i a t e d  wi th  
t h e  main f e e d  horn and t h e  pas s ive  f eed  horn. The p r i n c i p a l  
azimuth p lane  p a t t e r n  i n  t h e  v i c i n i t y  of t h e  peak should be super-  
imposed on t k e s e  p a t t e r n s  t o  s e r v e  a s  a  r e f e r ence  t o  measure t h e  
s i d e  lobe and back lobe l e v e l s .  

c,  I n  a d d i t i o n  t o  t h e  above, f o r  t h e  type  t e s t  an tennas  on ly ,  azimuth 
plane p a t t e r n s  s h a l l  be made a t  +5O, +15O, and +25O above t h e  
p r i n c i p a l  azimuth plane.  These p a t t e r n s  s h a l l  be measured between 
10' t o  t he  l e f t  and r i g h t  of t he  maximum power po in t  i n  t he  same 
plane. Measurement of t h e  complete 360° of r o t a t i o n  s h a l l  be made 
f o r  t h e  type  t e s t  an tennas  i n  such a  manner as t o  record  t h e  r e l a t i v e  
f i e l d  s t r e n g t h  of t h e  p a t t e r n s  a s s o c i a t e d  wi th  t h e  main f e e d ' h o r n  
and wi th  t h e  pas s ive  f eed  horn t h a t  would be seen i f  t h e  p r i n c i p a l  
azimuth p lane  a s s o c i a t e d  wi th  t h e  main f e e d  horn were t i l t e d  up 
2.5' above h o r i z o n t a l  and t h e  antenna was viewed i n  5' i n t e r v a l s  
from e l e v a t i o n  a n g l e s  from +5O above t h e  plane perpendicu la r  t o  
t h e  a x i s  of r o t a t i o n  t o  +lo0 above t h a t  e l e v a t i o n  ang le  between 
t h e  t o p  of r e f l e c t o r  and t h e  middle of t h e  pas s ive  f e e d  horn. 

d. The antenna p a t t e r n s  have been s p e c i f i e d  based on antenna t e s t  
f a c i l i t i e s  t h a t  use an antenna mount wi th  an e l e v a t i o n  a x i s  above 
t h e  r eco rd ing  azimuth ax i s .  The azimuth beamwidth measurements 
s h a l l  be a d j u s t e d  mathematical ly  t o  provide i d e n t i c a l  d a t a  a s  would 
be ob ta ined  on a mount wi th  an  e l e v a t i o n  a x i s  above t h e  record ing  
azimuth a x i s  i n  t he  event  t h a t  a d i f f e r e n t  type  of mount i s  used 
t o  make t h e  p a t t e r n  measurements. 

3.9.13.2 C i r c u l a r  p o l a r i z a t i o n  p a t t e r n  tests.- I n t e g r a t e d  c a n c e l l a t i o n  r a t i o  
measurements and c a l c u l a t i o n s  s h a l l  be made f o r  those  p a t t e r n s  a s s o c i a t e d  
w i t h  t he  pass ive  f eed  horn and t h e  main f eed  horn. For t h e s e  measurements 
t h e  p o l a r i z e r s  s h a l l  be set f o r  c i r c u l a r  p o l a r i z a t i o n .  The fo l lowing  is  a 
d e s c r i p t i o n  of a  method of measuring I C R  accep tab l e  t o  t h e  Government. Any 
o t h e r  method t h e  c o n t r a c t o r  may wish t o  use  s h a l l  be s u b j e c t  t o  Government 
approval .  

a .  The r a d a r  an tenna  t o  be t e s t e d  i s  t o  be used as a r e c e i v i n g  antenna 
s i t u a t e d  i n  t h e  f a r - zone  f i e l d  of a  t r a n s m i t t e r  antenna.  The t r a n s -  
m i t t e r  antenna s h a l l  be a parabola  a t  least 10 f e e t  i n  d iameter  capa- 
b l e  of being cont inuous ly  r o t a t e d  mechanical ly  about  i t s  e l e c t r i c a l  
a x i s  t o  change t h e  ang le  of t r a n s m i t t e d  p o l a r i z a t i o n .  A p r i n c i p a l  
azimuth plane p a t t e r n  i s  t o  be recorded on a graph as t h e  plane of 
p o l a r i z a t i o n  of t h e  t r a n s m i t t i n g  an tenna  i s  r o t a t e d  s u f f i c i e n t l y  
slow t o  permit a c c u r a t e  t r ack ing  by t h e  p a t t e r n  recorder .  The 
an tenna  under tes t  s h a l l  be s imul taneous ly  r o t a t e d  i n  t h e  h o r i z o n t a l  
plane s u f f i c i e n t l y  slow t h a t  recorded e l l i p t i c i t y  cyc l e s  a r e  c l o s e  



b. With t h e  antenna turned  on i t s  s i d e ,  t h e  p r i n c i p a l  e l e v a t i o n  plane 
p a t t e r n  s h a l l  be made f o r  the  360' of r o t a t i o n  f o r  t h e  antenna 
p a t t e r n s  a s s o c i a t e d  wi th  the  main f eed  horn and wi th  t h e  pas s ive  
f eed  horn. With t h e  an tenna  mounted up r igh t  and t h e  p r i n c i p a l  
azimuth p lane  of t h e  p a t t e r n  a s s o c i a t e d  wi th  t h e  main f eed  horn 
t i l t e d  up 2.5' above h o r i z o n t a l ,  t h e  antenna s h a l l  be r o t a t e d  360° 
i n  azimuth and p a t t e r n  measurements made i n  t he  plane perpendicu la r  
t o  t he  a x i s  of r o t a t i o n  f o r  t h e  antenna p a t t e r n s  a s s o c i a t e d  wi th  
t h e  main f e e d  horn and t h e  pas s ive  f eed  horn. The p r i n c i p a l  
azimuth p lane  p a t t e r n  i n  t h e  v i c i n i t y  of t h e  peak should be super-  
imposed on t k e s e  p a t t e r n s  t o  s e r v e  a s  a  r e f e r ence  t o  measure t h e  
s i d e  lobe and back lobe l e v e l s .  

c,  I n  a d d i t i o n  t o  t h e  above, f o r  t h e  type  t e s t  an tennas  on ly ,  azimuth 
plane p a t t e r n s  s h a l l  be made a t  +5O, +15O, and +25O above t h e  
p r i n c i p a l  azimuth plane.  These p a t t e r n s  s h a l l  be measured between 
10' t o  t he  l e f t  and r i g h t  of t he  maximum power po in t  i n  t he  same 
plane. Measurement of t h e  complete 360° of r o t a t i o n  s h a l l  be made 
f o r  t h e  type  t e s t  an tennas  i n  such a  manner as t o  record  t h e  r e l a t i v e  
f i e l d  s t r e n g t h  of t h e  p a t t e r n s  a s s o c i a t e d  wi th  t h e  main f e e d ' h o r n  
and wi th  t h e  pas s ive  f eed  horn t h a t  would be seen i f  t h e  p r i n c i p a l  
azimuth p lane  a s s o c i a t e d  wi th  t h e  main f e e d  horn were t i l t e d  up 
2.5' above h o r i z o n t a l  and t h e  antenna was viewed i n  5' i n t e r v a l s  
from e l e v a t i o n  a n g l e s  from +5O above t h e  plane perpendicu la r  t o  
t h e  a x i s  of r o t a t i o n  t o  +lo0 above t h a t  e l e v a t i o n  ang le  between 
t h e  t o p  of r e f l e c t o r  and t h e  middle of t h e  pas s ive  f e e d  horn. 

d. The antenna p a t t e r n s  have been s p e c i f i e d  based on antenna t e s t  
f a c i l i t i e s  t h a t  use an antenna mount wi th  an e l e v a t i o n  a x i s  above 
t h e  r eco rd ing  azimuth ax i s .  The azimuth beamwidth measurements 
s h a l l  be a d j u s t e d  mathematical ly  t o  provide i d e n t i c a l  d a t a  a s  would 
be ob ta ined  on a mount wi th  an  e l e v a t i o n  a x i s  above t h e  record ing  
azimuth a x i s  i n  t he  event  t h a t  a d i f f e r e n t  type  of mount i s  used 
t o  make t h e  p a t t e r n  measurements. 

3.9.13.2 C i r c u l a r  p o l a r i z a t i o n  p a t t e r n  tests.- I n t e g r a t e d  c a n c e l l a t i o n  r a t i o  
measurements and c a l c u l a t i o n s  s h a l l  be made f o r  those  p a t t e r n s  a s s o c i a t e d  
w i t h  t he  pass ive  f eed  horn and t h e  main f eed  horn. For t h e s e  measurements 
t h e  p o l a r i z e r s  s h a l l  be set f o r  c i r c u l a r  p o l a r i z a t i o n .  The fo l lowing  is  a 
d e s c r i p t i o n  of a  method of measuring I C R  accep tab l e  t o  t h e  Government. Any 
o t h e r  method t h e  c o n t r a c t o r  may wish t o  use  s h a l l  be s u b j e c t  t o  Government 
approval .  

a .  The r a d a r  an tenna  t o  be t e s t e d  i s  t o  be used as a r e c e i v i n g  antenna 
s i t u a t e d  i n  t h e  f a r - zone  f i e l d  of a  t r a n s m i t t e r  antenna.  The t r a n s -  
m i t t e r  antenna s h a l l  be a parabola  a t  least 10 f e e t  i n  d iameter  capa- 
b l e  of being cont inuous ly  r o t a t e d  mechanical ly  about  i t s  e l e c t r i c a l  
a x i s  t o  change t h e  ang le  of t r a n s m i t t e d  p o l a r i z a t i o n .  A p r i n c i p a l  
azimuth plane p a t t e r n  i s  t o  be recorded on a graph as t h e  plane of 
p o l a r i z a t i o n  of t h e  t r a n s m i t t i n g  an tenna  i s  r o t a t e d  s u f f i c i e n t l y  
slow t o  permit a c c u r a t e  t r ack ing  by t h e  p a t t e r n  recorder .  The 
an tenna  under tes t  s h a l l  be s imul taneous ly  r o t a t e d  i n  t h e  h o r i z o n t a l  
plane s u f f i c i e n t l y  slow t h a t  recorded e l l i p t i c i t y  cyc l e s  a r e  c l o s e  



p a t t e r n s  and where 8 i s  t h e  e l e v a t i o n  ang le  measured downward 
from v e r t i c a l  of t h e  po in t  on t h e  beam being measured, assuming 
t h a t  t h e  nose of t h e  beam a s s o c i a t e d  w i t h  t h e  main f eed  horn i s  
t i l t e d  upward a t  an  ang le  2.5' above h o r i z o n t a l .  

3.9.13.3 Other  an tenna  tests.- I n  a d d i t i o n  t o  t h e  above measurements, 
measurements s h a l l  be made t o  demonstrate  compliance wi th  t h e  requirements  
of paragraphs 3.9.1, 3.9.2, 3.9.3, 3.9.7, 3.9.8, 3.9.9, 3.9.10, and 3.9.11. 
Where a p p r o p r i a t e ,  t h e s e  measurements may be recorded i n  conjunc t ion  wi th  
t h e  measurements s p e c i f i e d  under paragraphs 3.9.13.1 and 3.9.13.2. 

3.10 Transmit ter-modulator  assembly.- The t ransmi t te r -modula tor  c a b i n e t s  
s h a l l  inc lude  a l l  h igh  vo l t age  and o t h e r  power s u p p l i e s  ( focus ,  h e a t e r ) ,  
t h e  modulator and i t s  a s s o c i a t e d  d r i v e r  and power s u p p l y ( s ) ,  RF d r i v e r ,  
k l y s t r o n  ou tpu t  tube  and any c o n t r o l  o r  o t h e r  a u x i l i a r y  equipment necessary  
t o  meet a l l  a p p l i c a b l e  requirements  s p e c i f i e d  he re in .  General cons t ruc t ion ,  
e l e c t r i c a l  c h a r a c t e r i s t i c s  and performance s h a l l  be i n  accordance wi th  
subparagraphs hereunder .  

3.10.1 Phys i ca l  s i z e . -  The t ransmi t te r -modula tor  c i r c u i t r y  s h a l l  be housed 
i n  no t  more than  two c a b i n e t s  of t h e  he igh t  and depth  and not  exceeding 
twice t h e  width s p e c i f i e d  i n  paragraph 3.18.1. A l t e r n a t e l y ,  s e p a r a t e  
c a b i n e t s  whose combined s i z e  does not  exceed t h a t  of t h e  c a b i n e t s  s p e c i f i e d  
above may be employed i f  X-ray o r  RF s h i e l d i n g ,  cool ing o r  o t h e r  cons idera-  
t i o n s  i n d i c a t e  t h a t  m u l t i p l e  c a b i n e t s  a r e  p r e f e r a b l e .  I f  m u l t i p l e  c a b i n e t s  
a r e  employed, c r i t i c a l  RF and h igh  v o l t a g e  s i g n a l s  may be routed  d i r e c t l y  
through the  i n t e r connec t ing  walls by means of a p p r o p r i a t e  feed- throughs ;  
a l l  n o n - c r i t i c a l  s i g n a l s ,  power, e t c . ,  i n t e r connec t ions  and connect ions t o  
o t h e r  system c a b i n e t s  o r  j unc t ion  boxes s h a l l  be a t  t h e  t ops  of t h e  c a b i n e t s  
a s  s p e c i f i e d  i n  paragraph 3.18.1. 

3.10.2 T ransmi t t e r  g e n e r a l  requirements . -  The gene ra l  c h a r a c t e r i s t i c s  of 
t h e  t r a n s m i t t e r  and t h e  t r a n s m i t t e d  pu l se  s h a l l  be as s p e c i f i e d  i n  sub- 
paragraphs hereunder.  

3.10.2.1 Opera t ing  frequency.-  The t r a n s m i t t e r  s h a l l  be capable  of ope ra t i ng  
a t  any frequency from 2700 t o  2900 megahertz,  i nc lu s ive .  The ope ra t i ng  
frequency ;ha1 1- be determined by c r y s t a l  c o n t r o l  l ed  sources .  The two 
channels  of a system s h a l l  o p e r a t e  on f r e q u e n c i e s  s epa ra t ed  a s  r equ i r ed  t o  
permit t h e  system t o  perform i n  a dua l  f requency d i v e r s i t y  mode (3.13). The 
Government w i l l  a s s i g n  f r equenc i e s  f o r  each  system, and w i l l  adv i se  t h e  
c o n t r a c t o r  of t h e  f r equenc i e s  s e l e c t e d  a t  l e a s t  120 days p r i o r  t o  scheduled 
d e l i v e r y  of t h e  system. 

2.10.2.2 RF pulse  du ra t i on . -  The d u r a t i o n  of t h e  t r a n s m i t t e d  RF pulse  s h a l l  
be 0.6 2 0.05 microseconds as measured between t h e  h a l f  power po in t s .  

3.10.2.3 S t a b i l i t y . -  The summation of system instabilities,.including t h e  
c o n t r i b u t i o n  of t h e  t r a n s m i t t e r  modulator,  s h a l l  r e s u l t  i n  system MTI per-  
formance meeting a l l  requirements  s p e c i f i e d  he re in .  



3.10.2.4 RF pu l se  spectrum.- A t  f r equenc i e s  s epa ra t ed  from t h e  ass igned  
c a r r i e r  f requency by 2 10 megahertz o r  more, t h e  r a d i a t e d  power s h a l l  be 
down a t  least 40 dB wi th  r e s p e c t  t o  t h e  power r a d i a t e d  a t  t h e  ass igned  
c a r r i e r  frequency. 

3.10.3 T ransmi t t e r  ou tput  tube.-  The t r a n s m i t t e r  s h a l l  employ a m u l t i -  
c a v i t y  k l y s t r o n  a m p l i f i e r ,  cont inuous ly  t unab le  over  t h e  a s s igced  frequency 
band (2700 - 2900 MHz). A t  any frequency w i t h i n  t h i s  band, t h e  tube  s h a l l  
s imul taneous ly  e x h i b i t  a minimum ins tan taneous  bandwidth a t  t h e  minus 0.5 dB 
p o i n t s  of 15.0 MHz, a minimum ga in  of 50 dB, and a  minimum RF t r ansmi t  
e f f i c i e n c y  of 45% whi le  t r a n s m i t t i n g  a minimum peak power of 1250 KW a t  
a duty  cyc le  of 0.00072. Normal ope ra t i ng  peak power s h a l l  be 1 MW a t  
a  du ty  cyc l e  of 0.00063. The tube  s h a l l  employ an i n d i r e c t l y  heated cathode. 
The h igh-vol tage  beam power supply s h a l l  be a d j u s t a b l e  t o  permit adjustment  
of t h e  ou tput  power l e v e l .  Fea tu re s  s h a l l  be incorpora ted  t o  provide au to-  
ma t i c  c o n t r o l  of t h e  beam v o l t a g e  a t  a  low va lue  when t h e  supply is  f i r s t  
tu rned  on, then  t o  i n c r e a s e  t o  a  p r e - s e t  l e v e l .  When t h e  supply i s  tu rned  
o f f ,  t he  v o l t a g e  s h a l l  au toma t i ca l l y  run  down. The k l y s t r o n  "body" s h a l l  
o p e r a t e  a t  ground p o t e n t i a l .  The h e a t e r  vo l t age  s h a l l  be a d j u s t a b l e .  
Curren t  l i m i t i n g  s h a l l  be incorpora ted  i n  t h e  h e a t e r  supply  t o  l i m i t  t h e  
tu rn-on  surge c u r r e n t  t o  150 percent  of normal ope ra t i ng  cu r r en t .  F a i l u r e  
of t he  h e a t e r  supply s h a l l  au toma t i ca l l y  t u r n  o f f  t h e  beam power supply. 

3.10.3.1 Beam focusing.-  The k l y s t r o n  beam focus ing  s h a l l  be accomplished 
by t h e  use of a  s i n g l e  e l ec t romagne t i c  c o i l ,  mechanical ly  s e p a r a t e  from 
t h e  k l y s t r o n  tube  assembly. The e l ec t romagne t i c  c o i l  s h a l l  be d r iven  from 
a s e p a r a t e ,  v a r i a b l e  power supply. The power s h a l l  be adequate ly  f i l t e r e d  
so  t h a t  t he  r i p p l e  w i l l  no t  r e s u l t  i n  ampli tude and/or  phase modulation of 
t h e  RF ou tpu t  s i g n a l .  

3.10.3.2 T ransmi t t e r  cool ing.-  The k l y s t r o n  and focus ing  magnet s h a l l  be 
cooled by means of fo rced  air .  The cool ing  system a i r  f low s h a l l  be adequate  
t o  d i s s i p a t e  t h e  e n t i r e  beam power wi th  RF d r i v e  removed up t o  a  maximum 
a l t i t u d e  of 6,000 f e e t  m s l  and a maximum temperature  of 40°c. Ducts t o  t h e  
bu i ld ing  e x t e r i o r  s h a l l  be provided f o r  both a i r  in t ake  and exhaust .  
Externa l  a i r  s h a l l  a u t o m a t i c a l l y  be s e l e c t e d  whenever e x t e r n a l  temperature  
f a l l s  w i th in  t h e  range of oOC t o  20 '~;  a t  o t h e r  t imes i n t e r i o r  c i r c u l a t i o n  
s h a l l  be employed. Manual s e l e c t i o n  of e i t h e r  i n t e r n a l  o r  e x t e r n a l  a i r  
s h a l l  be pos s ib l e .  A l l  e x t e r i o r  duc t s  s h a l l  be f i l t e r e d .  The no i se  l e v e l  
of t he  cool ing  system s h a l l  no t  exceed t h e  l i m i t s  of paragraph 1-3.5.11 of 
FAA-G-2100/1. A i r  f low and ove r  temperature  i n t e r l o c k s  s h a l l  be provided 
t o  p r o t e c t  t h e  t ransmi t te r -modula tor  assembly. 

3.10.3.3 Output window.- The k l y s t r o n  ou tpu t  window s h a l l  be maintained 
near  ambient temperature ,  and s h a l l  be capable  of wi ths tanding  p r e s s u r i z a t i o n  
as s p e c i f i e d  i n  3.12. 

3.10.3.4 VSWR.- The k l y s t r o n  s h a l l  meet a l l  performance requirements  while  
ope ra t i ng  i n t o  a 1 .2 : l  load mismatch and s h a l l  ope ra t e  without  damage i n t o  
a  1 .5 : l  mismatch. The tube  s h a l l  wi ths tand  a  mismatch of 3 .0: l  f o r  15 
mi l l i s econds  without  damage. 



3.10.3.5 Mechanical  f e a t u r e s . -  The k l y s t r o n  c a v i t y  body s t r u c t u r e ,  
c a t h o d e / h e a t e r ,  e l e c t r o n  gun s t r u c t u r e ,  c o l l e c t o r  s t r u c t u r e ,  and c a v i t y  
t u n i n g  mechanism s h a l l  be of i n t e g r a l  c o n s t r u c t i o n  and s e p a r a t e  f rom t h e  
beam f o c u s i n g  e l e c t r o m a g n e t  assembly.  It s h a l l  be p o s s i b l e  t o  i n s t a l l  
and remove t h e  k l y s t r o n  assembly w i t h o u t  n e c e s s i t a t i n g  d i s a s s e m b l y  o r  
removal of t h e  f o c u s  e l e c t r o m a g n e t  assembly.  F o r  purposes  of  t u b e  
i n s t a l l a t i o n  and r e p l a c e m e n t ,  f e a t u r e s  s h a l l  be i n c o r p o r a t e d  f o r  p o s i t i v e  
p o s i t i o n i n g  of  t h e  t u b e  i n  v e r t i c a l ,  la tera l ,  and r o t a t i o n a l  d imensions .  
C o r r e c t  " s e a t i n g "  of t h e  t u b e  s h a l l  a l s o  accompl i sh  c o r r e c t  and p o s i t i v e  
c o n n e c t i o n  f o r  t h e  ca thode  and h e a t e r .  The k l y s t r o n  o u t p u t - t o - s y s t e m s  
waveguide a d a p t o r  s h a l l  a n  i n t e g r a l  p a r t  of  t h e  tube  assembly.  

3.10.3.5.1 Tuning.-  I n d i v i d u a l  c a v i t y  t u n i n g  mechanisms s h a l l  be p rov ided  
t o  pe rmi t  t u n i n g  when t h e  k l y s t r o n  i s  i n  i t s  normal o p e r a t i n g  p o s i t i o n .  
Each c o n t r o l  s h a l l  a l s o  i n c o r p o r a t e  a d i g i t a l  t u n i n g  i n d i c a t o r  v i s i b l e  
when t u n i n g .  C h a r t ( s 1  s h a l l  be f u r n i s h e d  p l o t t i n g  t u n i n g  i n d i c a t o r  
v e r s u s  f requency .  The t u n i n g  t o r q u e  s h a l l  n o t  exceed  500 i n c h  ounces.  

3.10.3.5.2 Ease of  maintenance. -  The mechan ica l  d e s i g n  of t h e  t r a n s m i t t e r  
sys tem s h a l l  a s s u r e  e a s e  of  ma in tenance  of any t r a n s m i t t e r  component, 
i n c l u d i n g  t h e  k l y s t r o n .  Any s p e c i a l  equipment ( s u c h  as a h o i s t  r e q u i r e d  
f o r  removal of t h e  k l y s t r o n )  s h a l l  be provided.  Design s h a l l  be such  t h a t  
complete  removal and rep lacement  of t h e  k l y s t r o n  and r e s t o r a t i o n  of normal 

0 o p e r a t i o n  can be accomplished i n  n o t  more t h a n  two h o u r s  by n o t  more t h a n  
two peop le .  

3.10.3.6 G e t t e r  and i o n  pump.- The k l y s t r o n  s h a l l  i n c o r p o r a t e  a n  i o n  pump 
which s h a l l  o p e r a t e  c o n t i n u o u s l y  when t h e  t u b e  i s  o p e r a t i n g .  I f  t h e  tube  
m a n u f a c t u r e r  recommends o p e r a t  i o n  of t h e  i o n  pump d u r i n g  t u b e  s t o r a g e ,  t h i s  
c a p a b i l i t y  s h a l l  be p rov ided .  

3.10.4 Mete r ing . -  Mete r ing  s h a l l  be p rov ided  f o r  h i g h - v o l t a g e ,  h e a t e r  
v o l t a g e ,  f o c u s  c o i l  v o l t a g e ,  and a l l  c r i t i c a l  c u r r e n t s  t o  m o n i t o r  t u b e  
o p e r a t i o n .  The m e t e r i n g  c i r c u i t s  s h a l l  i n c o r p o r a t e  f e a t u r e s  t o  p r e c l u d e  
e r r o n e o u s  i n d i c a t i o n s  r e s u l t i n g  from t h e  environment  i n  which t h e y  o p e r a t e .  
Mete r ing  c i r c u i t s  s h a l l  be p r o t e c t e d  i n  t h e  e v e n t  of f a u l t y  h i g h  c u r r e n t  
c o n d i t i o n s .  

3.10.5 Arc p r b t e c t i o n . -  To p r o t e c t  t h e  k l y s t r o n  from a r c i n g  which may o c c u r  
i n  t h e  sys tem waveguide,  a n  arc d e t e c t o r  s h a l l  be i n c o r p o r a t e d  i n  t h e  
sys tem waveguide t o  i n i t i a t e  removal of t h e  RF d r i v e .  

3.10.6 X - r a d i a t i o n  s h i e l d i n g . -  X-ray s h i e l d i n g  s h a l l  be p rov ided  as r e q u i r e d  
t o  r e d u c e  t h e  r a d i a t i o n  t o  a s a f e  l e v e l  f o r  p e r s o n n e l  working i n  t h e  v i c i n i t y  
f o r  prolonged p e r i o d s  of  t i m e .  The s h i e l d i n g  s h a l l  a l s o  be s u f f i c i e n t  t o  
p e r m i t  a s a f e  environment  f o r  k l y s t r o n  a d j u s t m e n t s  and t u n i n g .  A maximum 
s a f e  l e v e l  i s  d e f i n e d  as a n  e x p o s u r e  c a p a b i l i t y  of  2.0 m i l l i r o e n t g e n s  p e r  
hour  (1-3 .5 .4 ,  FAA-G-2100/1), 

3.10.7 T r a n s m i t t e r  modula tor . -  The t r a n s m i t t e r  modula to r  s h a l l  be s o l i d  
s tate e x c e p t  t h a t  t h e  f i n a l  s t a g e  may be e i t h e r  s o l i d  s tate o r  a ce ramic  
t h y r a t r o n .  I n  e i t h e r  c a s e ,  t h e  modula to r  s h a l l  be modular and p o s s e s s  a 



f a i l - s o f t  c h a r a c t e r i s t i c  i n  t h a t  o p e r a t i o n  a t  reduced power i s  p o s s i b l e  
fo l lowing  f a i l u r e  of a  module. The rise and f a l l  t imes and d u r a t i o n  of 
t h e  modulator pu lse  s h a l l  be such as t o  i n s u r e  t h a t  it  completely b racke t s  
t h e  RF d r i v e  pu lse  t o  t h e  ou tpu t  tube ,  whi le  s imul taneous ly  holding t h e  
input  power d r a i n  t o  a  minimum. The modulator s h a l l  be capable  of 
p rovid ing  a t  least 20% more power than  i s  r equ i r ed  t o  produce t h e  normal 
t r a n s m i t t e r  ou tput  power (3,10.3).  

3.10.7.1 S tagger  opera t ion . -  The modulator s h a l l  be capable  of ope ra t i on  
a t  a  s t agge red ,  non-uniform pu l se  r e p e t i t i o n  frequency (PRF) as s p e c i f i e d  
i n  3.14.1.1. For  e i t h e r  t h e  s taggered  o r  unstaggered mode of ope ra t i on ,  
performance of the  modulator s h a l l  be c o n s i s t e n t  wi th  t h e  MTI performance 
s p e c i f i e d  i n  3.10.2.3, a s  w e l l  as a l l  o t h e r  system performance requirements .  

3.10.7.2 Modulator dummy load , -  A h igh  power modulator dummy load s h a l l  be 
suppl ied  as p a r t  of each t r a n s m i t t e r  u n i t  f o r  t e s t i n g  t h e  r a d a r  modulators.  
The p r i n c i p a l  f u n c t i o n  of t h i s  equipment s h a l l  be t o  d i s s i p a t e  a l l  t h e  energy 
genera ted  by t h e  r a d a r  modulator under tes t  s o  t h a t  it  can be t e s t e d  
independent ly  of t h e  ou tput  tube.  The c i r c u i t  s h a l l  c o n s i s t  of a non-induct ive 
r e s i s t o r  o r  r e s i s t o r s .  The power d i s s i p a t i o n  r a t i n g  and inpu t  impedance 
s h a l l  be c o n s i s t e n t  w i th  t h e  h igh  vo l t age  modulator ou tput .  The vo l t age  
d i v i d i n g  r a t i o  s h a l l  be 100 t o  1 f o r  t he  v ideo  connect ion,  

3.10.7.3 I n t e r l o c k s . -  A l l  h igh  v o l t a g e  p o r t i o n s  of t h e  t r ansmi t t e r /modu la to r  
cab ine t  s h a l l  be f u l l y  enc losed ,  with a l l  a cces s  doors  f u l l y  p ro t ec t ed  by 
i n t e r l o c k  swi tches  which cannot be bypassed. 

3.10.8 T ransmi t t e r  h igh-vol tage  (HV) power supply.-  The HV power supply 
s h a l l  be capable  of d e l i v e r i n g  a t  least 20X more than t h e  average power 
r equ i r ed  t o  supply t he  RF output  tube wi th  i t s  normal r a t e d  power (3.10.3). 
F a i l - s a f e  p rov i s ions  s h a l l  be included t o  au toma t i ca l l y  d i scharge  any high-  
v o l t a g e  c a p a c i t o r s  which might endanger t h e  s a f e t y  of personnel .  E l e c t r o n i c  
r e g u l a t i o n  c i r c u i t r y  s h a l l  be provided t o  a s s u r e  ope ra t i on  dur ing  s t agge r  
ope ra t i on  c o n s i s t e n t  wi th  s p e c i f i e d  MTI performance (3,10.2.3) and a l l  o t h e r  
a p p l i c a b l e  requirements .  

3.10.8.1 Voltage ad jus tment . -  The v o l t a g e  ou tput  of t h e  HV power supply 
s h a l l  be c o n t r o l l e d  by a con t inuous ly -va r i ab l e  device  having a  c a l i b r a t e d  
c o n t r o l .  The output  Goltage adjustment  range s h a l l  be s u f f i c i e n t  t o  change 
t h e  t r a n s m i t t e r  RF ou tput  power over  t h e  range of at least from 400 KW t o  
1.15 MW. An a d j u s t a b l e  s t o p  on t h e  c o n t r o l  s h a l l  prevent  t h e  ou tput  vo l t age  
from exceeding t h e  maximum pe rmis s ib l e  ope ra t i ng  va lue  f o r  t h e  RF ou tput  tube. 

3.10.8,2 F i l t e r i n g . -  The d i r e c t  c u r r e n t  t r a n s m i t t e r  h igh-vol tage  power 
supply s h a l l  be f i l t e r e d  as r equ i r ed  f o r  f u l f i l l m e n t  of t h e  MTI system per-  
f  ormance requirements  of t h i s  spec i f  i c a t  ion. 

3.10.8.3 Inrush  cu r r en t . -  With t h e  t r a n s m i t t e r  h igh  v o l t a g e  ad jus t ed  t o  - 
r e s u l t  i n  t h e  maximum power r a t i n g  of t h e  ou tput  tube ,  i t  s h a l l  be p o s s i b l e  
t o  t u rn  t h e  t r a n s m i t t e r  h igh  v o l t a g e  o f f  a n d  on r epea t ed ly  without  equipment 
damage o r  a c t u a t i o n  of over load  p r o t e c t o r s  and r e s u l t a n t  immediate s a t i s f a c t o r y  
system performance even though normal o p e r a t i o n  w i l l  u t i l i z e  t h e  au tomat ic  



f a i l - s o f t  c h a r a c t e r i s t i c  i n  t h a t  o p e r a t i o n  a t  reduced power i s  p o s s i b l e  
fo l lowing  f a i l u r e  of a  module. The rise and f a l l  t imes and d u r a t i o n  of 
t h e  modulator pu lse  s h a l l  be such as t o  i n s u r e  t h a t  it  completely b racke t s  
t h e  RF d r i v e  pu lse  t o  t h e  ou tpu t  tube ,  whi le  s imul taneous ly  holding t h e  
input  power d r a i n  t o  a  minimum. The modulator s h a l l  be capable  of 
p rovid ing  a t  least 20% more power than  i s  r equ i r ed  t o  produce t h e  normal 
t r a n s m i t t e r  ou tput  power (3,10.3).  

3.10.7.1 S tagger  opera t ion . -  The modulator s h a l l  be capable  of ope ra t i on  
a t  a  s t agge red ,  non-uniform pu l se  r e p e t i t i o n  frequency (PRF) as s p e c i f i e d  
i n  3.14.1.1. For  e i t h e r  t h e  s taggered  o r  unstaggered mode of ope ra t i on ,  
performance of the  modulator s h a l l  be c o n s i s t e n t  wi th  t h e  MTI performance 
s p e c i f i e d  i n  3.10.2.3, a s  w e l l  as a l l  o t h e r  system performance requirements .  

3.10.7.2 Modulator dummy load , -  A h igh  power modulator dummy load s h a l l  be 
suppl ied  as p a r t  of each t r a n s m i t t e r  u n i t  f o r  t e s t i n g  t h e  r a d a r  modulators.  
The p r i n c i p a l  f u n c t i o n  of t h i s  equipment s h a l l  be t o  d i s s i p a t e  a l l  t h e  energy 
genera ted  by t h e  r a d a r  modulator under tes t  s o  t h a t  it  can be t e s t e d  
independent ly  of t h e  ou tput  tube.  The c i r c u i t  s h a l l  c o n s i s t  of a non-induct ive 
r e s i s t o r  o r  r e s i s t o r s .  The power d i s s i p a t i o n  r a t i n g  and inpu t  impedance 
s h a l l  be c o n s i s t e n t  w i th  t h e  h igh  vo l t age  modulator ou tput .  The vo l t age  
d i v i d i n g  r a t i o  s h a l l  be 100 t o  1 f o r  t he  v ideo  connect ion,  

3.10.7.3 I n t e r l o c k s . -  A l l  h igh  v o l t a g e  p o r t i o n s  of t h e  t r ansmi t t e r /modu la to r  
cab ine t  s h a l l  be f u l l y  enc losed ,  with a l l  a cces s  doors  f u l l y  p ro t ec t ed  by 
i n t e r l o c k  swi tches  which cannot be bypassed. 

3.10.8 T ransmi t t e r  h igh-vol tage  (HV) power supply.-  The HV power supply 
s h a l l  be capable  of d e l i v e r i n g  a t  least 20X more than t h e  average power 
r equ i r ed  t o  supply t he  RF output  tube wi th  i t s  normal r a t e d  power (3.10.3). 
F a i l - s a f e  p rov i s ions  s h a l l  be included t o  au toma t i ca l l y  d i scharge  any high-  
v o l t a g e  c a p a c i t o r s  which might endanger t h e  s a f e t y  of personnel .  E l e c t r o n i c  
r e g u l a t i o n  c i r c u i t r y  s h a l l  be provided t o  a s s u r e  ope ra t i on  dur ing  s t agge r  
ope ra t i on  c o n s i s t e n t  wi th  s p e c i f i e d  MTI performance (3,10.2.3) and a l l  o t h e r  
a p p l i c a b l e  requirements .  

3.10.8.1 Voltage ad jus tment . -  The v o l t a g e  ou tput  of t h e  HV power supply 
s h a l l  be c o n t r o l l e d  by a con t inuous ly -va r i ab l e  device  having a  c a l i b r a t e d  
c o n t r o l .  The output  Goltage adjustment  range s h a l l  be s u f f i c i e n t  t o  change 
t h e  t r a n s m i t t e r  RF ou tput  power over  t h e  range of at least from 400 KW t o  
1.15 MW. An a d j u s t a b l e  s t o p  on t h e  c o n t r o l  s h a l l  prevent  t h e  ou tput  vo l t age  
from exceeding t h e  maximum pe rmis s ib l e  ope ra t i ng  va lue  f o r  t h e  RF ou tput  tube. 

3.10.8,2 F i l t e r i n g . -  The d i r e c t  c u r r e n t  t r a n s m i t t e r  h igh-vol tage  power 
supply s h a l l  be f i l t e r e d  as r equ i r ed  f o r  f u l f i l l m e n t  of t h e  MTI system per-  
f  ormance requirements  of t h i s  spec i f  i c a t  ion. 

3.10.8.3 Inrush  cu r r en t . -  With t h e  t r a n s m i t t e r  h igh  v o l t a g e  ad jus t ed  t o  - 
r e s u l t  i n  t h e  maximum power r a t i n g  of t h e  ou tput  tube ,  i t  s h a l l  be p o s s i b l e  
t o  t u rn  t h e  t r a n s m i t t e r  h igh  v o l t a g e  o f f  a n d  on r epea t ed ly  without  equipment 
damage o r  a c t u a t i o n  of over load  p r o t e c t o r s  and r e s u l t a n t  immediate s a t i s f a c t o r y  
system performance even though normal o p e r a t i o n  w i l l  u t i l i z e  t h e  au tomat ic  
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I n  t he  event  of l o s s  of primary power f o r  an i n t e r v a l  of 15 seconds o r  less, 
t h e  system HV s h a l l  be capable  of being reset without  r e q u i r i n g  the  normal 
prehea t  t ime t o  r ecyc l e .  

3.10.10.2 Time de lays . -  A time de l ay  device  s h a l l  be incorpora ted  t o  
prevent  t h e  a p p l i c a t i o n  of h igh  vo l t age  t o  t h e  modulator u n t i l  t h e  RF 
output  tube  and modulator have been p rope r ly  preheated.  

3.10.10.3 Spark paps.- Spark gaps s h a l l  be incorpora ted  t o  p r o t e c t  com- 
ponents (such as p l a t e  t r ans fo rmer s ,  ou tput  t ube ,  pulse-forming networks,  
e t c . )  from overvol tage .  The spark  gaps u t i l i z e d  s h a l l  be designed t o  
minimize change i n  c h a r a c t e r i s t i c s  wi th  age o r  wi th  t h e  number of a r c -ove r s  
t h a t  might occur .  

3.10.11 Meter ing and i n d i c a t o r  lamps.- The fo l lowing  meters  and i n d i c a t o r  
s h a l l  be fu rn i shed  as a minimum: 

Meters  I n d i c a t o r  Lamps 

Operate  t ime 1. HVon 

Transmi t t e r  HV 2. Filament on 

Transmi t t e r  HV c u r r e n t  

Modulator i nve r se  c u r r e n t  

3 ,  F a u l t s  

4. F a u l t  r ecyc l e  

T ransmi t t e r  low v o l t a g e  power 5. Modulator d r i v e r  HV on 
supply v o l t a g e s  and c u r r e n t s  

6. Preheat  
Thyratron d r i v e r  c u r r e n t  ( i f  
t h y r a t r o n  used)  7. T ransmi t t e r  a v a i l a b l e  

Thyratron d r i v e r  i nve r se  c u r r e n t  8. No c o n t r o l  
( i f  t h y r a t r o n  used)  

Klys t ron  c u r r e n t / v o l t a g e  (3.10.4) 

3 . 1 0 . 1 2 . -  P rov i s ions  s h a l l  be 
incorpora ted  f o r  viewing, a t  test  jacks ,  t h e  vo l t age  and cu r r en t  pu l se s  
of t h e  pulsed output  tube  and modulator wi th  c a l i b r a t e d  vo l t age -d iv ide r  
networks and current-viewing  transformer.^. 

3.11 Receiver  assembly.- The r e c e i v e r  assembly s h a l l  inc lude  both normal -- 
and MTI r e c e i v e r  c i r c u i t r y ,  RF plumbing and c i r c u i t r y  common t o  t h e  normal 
and MTI r e c e i v e r s ,  and t h e  RF gene ra to r  ( s t a l o ,  coho),  a l l  housed i n  a s i n g l e  
cab ine t  of t h e  type  s p e c i f i e d  i n  3.18.1. The r e c e i v e r  assembly s h a l l  per-  
form and be designed i n  accordance w i th  t h e  requirements  of sub-paragraphs 
hereunder  and o t h e r  a p p l i c a b l e  s p e c i f i c a t i o n  requirements .  



3.11.1 Receiver  RF components. - RF components common t o  both t h e  normal and 
MTI r e c e i v e r s  i nc lude  but  are not  l i m i t e d  t o  r e c e i v e r  TR dev ices ,  r e c e i v e r  
g a i n  control/STC, an tenna  p a t t e r n  RJ? swi tch ,  paramet r ic  a m p l i f i e r  and wave- 
gu ide  p r e - s e l e c t o r  f i l t e r .  These components s h a l l  be i n  accordance wi th  t h e  
fo l l owing  sub-paragraphs and a l l  o t h e r  a p p l i c a b l e  s p e c i f i c a t i o n  requirements .  

3.11.1.1 TR device . -  TR dev ices  s h a l l  be employed as necessary  t o  p r o t e c t  
a t h e  r e c e i v e r  and t o  i n s u r e  t h a t  t h e  r e c e i v e r  has  recovered t o  w i th in  3.0 dB 

of i t s  normal s e n s i t i v i t y  w i t h i n  5 microseconds of t h e  f i r i n g  of t h e  t r a n s -  
m i t t e r .  The recovery t i m e  s p e c i f i e d  above s h a l l  be ob ta ined  wi th  t h e  

- r e c e i v e r  PIN modulat'or set f o r  minimum a t t e n u a t i o n  and wi th  t h e  r e c e i v e r  
connected t o  both t h e  pas s ive  (h igh  beam) and main (low beam) f eed  horns.  
I n s e r t i o n  l o s s  of t h e  TR device  s h a l l  no t  exceed 0.5 dB. The TR dev ice  
s h a l l  not  r e q u i r e  a "keep a l i v e "  v o l t a g e  source ,  and s h a l l  provide f u l l  
r e c e i v e r  p r o t e c t i o n  from both t h e  t r a n s m i t t e r  a s s o c i a t e d  wi th  t h e  r e c e i v e r  
and t h e  oppos i t e  channel t r a n s m i t t e r .  

3.11.1.2 Receiver  g a i n  control/STC. - Receiver  RF g a i n  and s e n s i t i v i t y  t ime 
c o n t r o l  (STC) s h a l l  be accomplished by means of two PIN modulators i n s e r t e d  
i n  t he  r ece ive  pa th  ahead of t h e  paramet r ic  a m p l i f i e r .  P rov i s ions  s h a l l  be 
made f o r  remote c o n t r o l  of t h e  devices .  When b i a sed  f o r  minimum a t t e n u a t i o n ,  
t h e  maximum i n s e r t i o n  l o s s  of each device  s h a l l  be 0.5 dB; when b iased  f o r  
maximum a t t e n u a t i o n ,  t h e  a t t e n u a t i o n  of each  device  s h a l l  be a t  least 40 dB. 
One such dev ice  s h a l l  be provided i n  both t h e  high beam ( p a s s i v e )  r ece ive  
pa th  and t h e  low beam (main) r ece ive  pa th  f o r  each channel.  The dev ices  
s h a l l  be i n s t a l l e d  between the  TR device  (3.11.1.1) and t h e  antenna p a t t e r n  
RF swi tch  (3.11.1.3). 

3.11.1.2.1 Receiver  RF ga in .  - The g a i n  c o n t r o l  c i r c u i t r y  s h a l l  provide f i v e  
d i s c r e t e  p r e s e t  b i a s  l e v e l s  f o r  t h e  PIN modulator,  any of t h e  f i v e  p a i r s  of 
which may- be remotely s e l ec t ed .  Each b i a s  l e v e l  s h a l l  be a d j u s t a b l e  by 
means of maintenance c o n t r o l s  t o  provide RF a t t e n u a t i o n  ranging from t h e  
minimum i n s e r t i o n  l o s s  of t h e  PIN device  up t o  20 dB. The p r e s e t  l e v e l  
s h a l l  remain cons t an t  w i t h i n  2 0.75 dB over  t h e  range of s e r v i c e  condi t ions .  
Th i s  v a r i a t i o n  s h a l l  n o t  add t o  t h e  i n s e r t i o n  l o s s  of 0.5 dB s p e c i f i e d  i n  
3.11.1.2. 

3.11.1.2.2 S e n s i t i v i t y  t i m e  c o n t r o l  (STC).- Sepa ra t e  STC c o n t r o l  c i r c u i t r y  
s h a l l  be provided f o r  each  PIN modulator.  Each STC c i r c u i t ,  by c o n t r o l  of 
t h e  PIN device  b i a s ,  s h a l l  provide t h r e e  time vary ing  g a i n  c h a r a c t e r i s t i c s  
(STC-1, STC-2 and STC-3). Any of t he se  t h r e e  c h a r a c t e r i s t i c s ,  as w e l l  as 
an STC OFF, s h a l l  be remotely s e l e c t a b l e .  

The t h r e e  STC c h a r a c t e r i s t i c s  s h a l l  be genera ted  by t h r e e  i d e n t i c a l ,  
s e p a r a t e l y  a d j u s t a b l e  c i r c u i t s  w i t h  minimum range of adjustment  as fo l lows:  

( a )  The i n i t i a l  va lue  of r e c e i v e r  a t t e n u a t i o n  s h a l l  be a d j u s t a b l e  
from t h e  minimum i n s e r t i o n  l o s s  of t h e  device  t o  a t -  least 40 dB. 

( b )  The start of t h e  exponen t i a l  decrease  i n  a t t e n u a t i o n  from t h e  
i n i t i a l  va lue  s h a l l  be a d j u s t a b l e  from a minimum of no t  more than 
1 microsecond a f t e r  t h e  beginning of t h e  t r a n s m i t t e d  pu l se  t o  a t  
least 100 microseconds. 



( c )  The shape of t h e  a t t e n u a t i o n  curve s h a l l  be a d j u s t a b l e  from 
a c h a r a c t e r i s t i c  which is  i n v e r s e l y  p ropor t i ona l  t o  t h e  f i r s t  
power of range t o  a c h a r a c t e r i s t i c  which is  i n v e r s e l y  propor- 
t i o n a l  t o  t h e  f o u r t h  power of range. The maximum a t t e n u a t i o n  
need no t  exceed t h e  40 dB l e v e l  s p e c i f i e d  above. 

The s e l e c t e d  STC c h a r a c t e r i s t i c  s h a l l  be combined wi th  t h e  s e l e c t e d  p r e s e t  
a t t e n u a t i o n  l e v e l  de sc r ibed  h e r e i n  (3.11.1.2.1). The STC c h a r a c t e r i s t i c  
s h a l l  not  change wi th  changes i n  t h e  p r e s e t  a t t e n u a t i o n  l e v e l  except  t h a t  
t h e  g a i n  s h a l l  no t  recover  beyond t h e  s e l e c t e d  p r e s e t  a t t e n u a t i o n  l e v e l .  
The STC c h a r a c t e r i s t i c s  s h a l l  remain w i th in  + 0.75 dB of t h e i r  p r e s e t  
l e v e l s  over  t h e  range of t h e  s e r v i c e  condi t ions . .  

3.11.1.2.3 Receiver  blanking. - Receiver suppress ion  i n  a d d i t i o n  t o  t h e  STC 
and RF g a i n  prev ious ly  s p e c i f i e d  s h a l l  be provided as necessary  t o  prevent 
ob j ec t ionab le  evidence of t h e  t r a n s m i t t e r  pu lse  i n  t h e  ou tput  videos.  Th i s  
f e a t u r e  s h a l l  not  a f f e c t  t h e  r e c e i v e r  recovery t i m e .  

3.11.1.3Antenna p a t t e r n  RF switch.-  A semiconductor RF swi tch  s h a l l  be pro- 
vided f o r  t he  swi tch ing  of t he  RF energy rece ived  from t h e  pass ive  f eed  horn 
and the  main f eed  horn. The RF switch s h a l l  be i n s t a l l e d  between the  RF 
device  used f o r  r e c e i v e r  g a i n  control/STC and t h e  RF a m p l i f i e r .  The a c t u a l  
swi tch ing  po in t  i n  r a d a r  range where t h e  swi tch ing  from one f eed  path t o  t h e  
o t h e r  t a k e s  p l ace  w i l l  be determined by t h e  antenna p a t t e r n  s e l e c t o r  (pa ra -  
graph 3.11.1.3.1). The a c t u a l  swi tch ing  t i m e ,  inc lud ing  t h a t  p a r t  con t r ibu t ed  
by t h e  antenna p a t t e r n  s e l e c t o r  and i t s  a s s o c i a t e d  d r i v e  c i r c u i t r y ,  s h a l l  be 
100 ns maximum. The amount of j i t t e r  dur ing  t h e  a c t u a l  swi tch ing  process  
con t r ibu t ed  by t h e  antenna p a t t e r n  RF swi tch  and the  an tenna  p a t t e r n  s e l e c t o r  
and a s s o c i a t e d  d r i v e  c i r c u i t r y  s h a l l  be s u f f i c i e n t l y  s m a l l  t h a t  t h e  MTI per -  
formance i s  not  degraded. The i n s e r t i o n  l o s s  of t h e  antenna p a t t e r n  RF 
swi tch  from e i t h e r  i npu t  t o  t h e  ou tput  when terminated i n  t h e  RF a m p l i f i e r  
s h a l l  be 0.6 dB maximum. A minimum i s o l a t i o n  of 30 dB s h a l l  be provided 
between t h e  two input  p o r t s  of t he  switch.  

3.11.1.3.1 Antenna p a t t e r n  s e l e c t o r . -  The antenna p a t t e r n  s e l e c t o r  s h a l l  - 
i n i t i a t e  t h e  swi tch ing  a c t i o n  of t he  antenna p a t t e r n  RF switch.  The po in t  
o r  p o i n t s  i n  r a d a r  range where t h i s  swi tch ing  a c t i o n  i s  i n i t i a t e d  s h a l l  be 
determined by one of t h e  fo l lowing  s e l e c t a b l e  sources :  

( a )  An i n t e r n a l  swi tch  des igna ted  h igh  beam/low beam which w i l l  
s e l e c t  e i t h e r  t h e  energy rece ived  from t h e  pas s ive  f eed  horn 
(h igh  beam) o r  t h e  energy rece ived  from t h e  main f eed  horn 
( low beam). 

( b )  An i n t e r n a l  genera ted  g a t e  t h a t  i s  a d j u s t a b l e  from 0 t o  60 miles 
i n  range,  t o  s w i t c h  from t h e  h igh  beam t o  t h e  low beam. 

( c )  An e x t e r n a l  input  j ack  --  t h e  presence of a p o s i t i v e  going s i g n a l  
of 3.0 v o l t s  o r  g r e a t e r  w i l l  swi tch  from t h e  h igh  beam t o  t h e  low 
beam; t h e  presence of a nega t ive  going s i g n a l  of 0.5 v o l t s  o r  less 
w i l l  swi tch  from t h e  low beam t o  t h e  h igh  beam. The range azimuth 
g a t e  (RAG) w i l l  be connected t o  t h i s  input .  
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3.11.1.4 Paramet r ic  a m p l i f i e r . -  A completely s o l i d - s t a t e  paramet r ic  
a m p l i f i e r  of t h e  fo l l owing  minimum c h a r a c t e r i s t i c s  s h a l l  be provided: 

Opera t ing  frequency 2.7 t o  2.9 GHz 

Ins t an t aneous  bandwidth (1 dB) 200 MHz 

a RF Gain (minimum) 15 dB 

Input  s i g n a l  f o r  1 dB 
compression of ou tput  s i g n a l  Not l e s s  t han  -30 dBm 

Noise f i g u r e  t( maximum) 1.25 dB 

Amplitude and phase s t a b i l i t y  of t h e  paramet r ic  a m p l i f i e r  ( p a r t i c u l a r l y  
s h o r t  term s t a b i l i t y )  must be adequate  t o  r e s u l t  i n  t h e  s p e c i f i e d  system 
MTI performance. A Gunn diode pump source  s h a l l  be employed. The para- 
m e t r i c  a m p l i f i e r  s h a l l  be an i n t e g r a t e d ,  t h r e e - s e c t i o n ,  c i r c u l a t o r  - 
a m p l i f i e r  assembly and s h a l l  provide a minimum of 35 dB a c t i v e  i s o l a t i o n  
from t h e  an tenna  p a t t e r n  s e l e c t o r  and the  mixer. Temperature s t a b i l i z a t i o n  
s h a l l  employ s o l i d - s t a t e ,  p ropor t i ona l  con t ro l .  The des ign  of t h e  tempera- 
t u r e  c o n t r o l l e r  s h a l l  be f a i l - s a f e ,  i n  t h a t  no mode of f a i l u r e  can r e s u l t  
i n  h igh  temperature  burnout of any p a r t  of t h e  paramet r ic  amplif ier. A 
means of checking f o r  proper  opeea t ion  of t h e  temperature  s t a b i l i z a t i o n  
system s h a l l  be provided. 

3.11.1.5 Waveguide p r e s e l e c t o r  f i l t e r . -  A waveguide p r e s e l e c t o r  f i l t e r  of 
r e c t a n g u l a r  waveguide c a v i t y  t y p e ,  s h a l l  be i n s t a l l e d  between t h e  duplexer  
and s i g n a l  mixer of t he  r e c e i v e r .  System performance requirements  w i l l  be 
t e s t e d  and based on l o c a t i o n  of t h e  waveguide p r e s e l e c t o r  f i l t e r  a f t e r  t h e  
paramet r ic  a m p l i f i e r .  The fo l lowing  requirements  s h a l l  be met from 2.7 t o  
2.9 GHz. The bandwidth of t h e  f i l t e r  s h a l l  be approximately 8 MHz a t  t h e  
minus 0.5 dB p o i n t s  ( r e l a t i v e  t o  peak) wi th  a  maximum of 0.15 dB r i p p l e  
throughout t h e  passband. The i n s e r t i o n  l o s s  a t  t h e  ope ra t i ng  frequency 
s h a l l  be a maximum of 0.75 dB. The a t t e n u a t i o n  t o  s i g n a l s  2 50 MHz from 
t h e  o p e r a t i n g  frequency s h a l l  be a t  least 60 dB. The a t t e n u a t i o n  t o  s i g n a l s  
+ 90 MHz from t h e  ope ra t i ng  frequency s h a l l  be a t  l e a s t  70 dB. Tuning s h a l l  - 
be accomplished by means of a c c u r a t e l y  c a l i b r a t e d  micrometer adjustments .  
Each f i l t e r  s h a l l  be i n d i v i d u a l l y  c a l i b r a t e d ,  and t h e  c o r r e c t  micrometer 
s e t t i n g s  f o r  t h e  complete f requency fange  from 2.7 t o  2.9 GHz s h a l l  be 
fu rn i shed  i n  t he  form of a permanent graph t h a t  i s  a t t a c h e d  t o  t h e  equipment 
nea r  t h e  f i l t e r  i n  a r e a d i l y  v i s i b l e  l oca t ion .  The micrometers s h a l l  be 
r ep l aceab le  and t h e  f i l t e r  s h a l l  meet a l l  a p p l i c a b l e  a p e c i f i c a t i o n  r equ i r e -  
ments a f t e r  one o r  more of t h e  micrometers a r e  rep laced  and t h e  f i l t e r  ha s  
been r e c a l i b r a t e d .  The r e s e t a b i l i t y  of t h e  f i l t e r  s h a l l  be such t h a t  it  
s h a l l  be p o s s i b l e  t o  r epea t ed ly  tune t he  f i l t e r  t o  any ope ra t i ng  frequency 
from 2.7 t o  2.9 GHz by r e f e r e n c e  t o  t he  graph and have t h e  ope ra t i ng  
frequency f a l l  w i t h i n  2 1.0 MHz of t h e  c e n t e r  of t h e  passband of t h e  f i l t e r .  
When t h e  f i l t e r  i s  tuned,  t h e  r i p p l e ,  i n s e r t i o n  l o s s  and bandwidth s h a l l  be 
i n  accordance wi th  t h e  requirements  s p e c i f i e d  above. 



3.11.2 Receiver  s i g n a l  mixer.-  A balanced diode s i g n a l  mixer s h a l l  be 
provided. The mixer s h a l l  no t  s a t u r a t e  on any s i g n a l  t h a t  i s  no t  s a t u r a t e d  
i n  t h e  paramet r ic  a m p l i f i e r .  A meter  s h a l l  be provided t o  monitor t h e  
s i g n a l  mixer c u r r e n t .  The output  of t h e  mixer s h a l l  be a 30 MHz IF  s i g n a l ,  
ob ta ined  by mixing t h e  rece ived  RF s i g n a l  w i t h  t h e  STALO s i g n a l  (3.11.8.3). 
The IF ou tput  of t h e  mixer s h a l l  be e s s e n t i a l l y  f r e e  from spur ious  components 
t h a t  might e x c i t e  t h e  p reampl i f i e r  o r  IF  c i r c u i t s .  

3.11.3 Receiver  I F  f requency.-  The c e n t e r  f r equenc i e s  of a l l  IF  a m p l i f i e r s  
( l i n e a r  normal, log normal and MTI) s h a l l  f a l l  between 29.8 and 30.2 MHz. 
Within t h i s  range,  t he  c e n t e r  f r equenc i e s  of a l l  t h r e e  IF  a m p l i f i e r s  s h a l l  
d i f f e r  by no more than  0.2 MHz. 

3.11.4 Receiver  IF  p reampl i f i e r .  An IF  p reampl i f i e r  s h a l l  be i n s t a l l e d  i n  
t h e  s i g n a l  r e c e i v e r  pa th  fo l lowing  the  s i g n a l  mixer. The p reampl i f i e r  s h a l l  
be matched t o  t h e  s i g n a l  mixer and loca t ed  phys i ca l l y  c l o s e  t o  t he  s i g n a l  
mixer. The r e c e i v e r  I F  p reampl i f i e r  s h a l l  a ccep t  t h e  30 MHz output  from 
t h e  s i g n a l  mixer and provide t h e  necessary  a m p l i f i c a t i o n ,  dynamic range,  
and bandpass c h a r a c t e r i s t i c s  t o  d r i v e  t h e  l i n e a r  normal, log normal and MTI 
I F  a m p l i f i e r s .  The p reampl i f i e r  s h a l l  provide i s o l a t e d  ou tpu t s  f o r  each 
of the  above, p lus  two spa re  i s o l a t e d  ou tputs .  Unused ou tpu t s  s h a l l  be 
proper ly  te rmina ted .  

3.11.5 Normal r e c e i v e r  c h a r a c t e r i s t i c s . -  The normal r e c e i v e r  s h a l l  c o n s i s t  
of a  l i n e a r  IF  a m p l i f i e r  and d e t e c t o r .  

3.11.5.1 Normal r e c e i v e r  f e a t u r e s . -  The normal r e c e i v e r  s h a l l  accept  i t s  
s e p a r a t e  ou tput  from t h e  p reampl i f i e r  and provide a v ideo  output  and o t h e r  
o p e r a t i o n a l  c h a r a c t e r i s t i c  a s  o u t l i n e d  below. 

3.11.5.2 IF bandwidth.- The IF  bandwidth of t h e  normal p o r t i o n  of t he  r e c e i v e r  
i n  MHz s h a l l  be no t  l e s s  than  1.2 nor  g r e a t e r  than  1.4 d iv ided  by t h e  pu lse  
width i n  microseconds. 

3.11.5.3 Normal r e c e i v e r  ou tpu t . -  The output  of t h e  normal r e c e i v e r  s h a l l  be 
non- l imi ted  normal v ideo ,  with t he  s i g n a l - t o - n o i s e  r a t i o  a d j u s t a b l e  up t o  a 
minimum of 8 : l .  No v ideo  r i n g i n g ,  b a s e  l i n e  modulation o r  base l i n e  l e v e l  
v a r i a t i o n  s h a l l  occur  on t h e  v ideo  output  w i th  v a r i a t i o n  of input  s i g n a l  
s t r e n g t h ,  even wi th  advancement of g a i n  c o n t r o l s  beyond normal l e v e l s .  
Grass  ( n o i s e )  l e v e l  ampli tude s h a l l  no t  decrease  wi th  t h e  advance of I F  
g a i n  c o n t r o l  t o  i t s  upper l i m i t .  Dead areas fo l lowing  s t r o n g  c l u t t e r  r e t u r n s  
s h a l l  not  occur  as a  r e s u l t  of I F  s a t u r a t i o n .  There s h a l l  be no p a r a s i t i c  
o s c i l l a t i o n s  o r  evidence of i n s t a b i l i t y  w i th  any s e t t i n g  of con t ro l s .  A l l  
normal r e c e i v e r  c o n t r o l s ,  o t h e r  than  t h e  RF g a i n  and STC c o n t r o l s  s p e c i f i e d  
i n  3.11.1.2 and subparagraphs s h a l l  b e  maintenance type  con t ro l s .  Each 
normal r e c e i v e r  s h a l l  i nc lude  two i s o l a t e d  75 ohm o u t p u t s ,  one of which 
w i l l  be used a s  an i npu t  t o  t h e  combiner, t h e  o t h e r  of which is  a spare .  

3.11.6 MTI r e c e i v e r  c h a r a c t e r i s t i c s .  
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3.11.6.1 IF  a m p l i f i e r . -  L imi t ing  s h a l l  t ake  p l ace  i n  t h e  IF  a m p l i f i e r ;  t h e  
l i m i t i n g  c h a r a c t e r i s t i c  s h a l l  no t  droop more t han  10% over  a wide range of 
i npu t  s i g n a l  l e v e l s  inc lud ing  t h e  s t r o n g e s t  r e t u r n s .  The MTI I F  l i m i t  l e v e l  
s h a l l  be a d j u s t a b l e  whi le  main ta in ing  a cons t an t  no i se  ou tput  ampli tude from 
t h e  phase d e t e c t o r ,  w i t h  a f i x e d  s e t t i n g  of t h e  MTI IF  g a i n  c o n t r o l  and 
cons t an t  l e v e l  COHO inpu t  t o  t h e  phase d e t e c t o r .  The MTI I F  bandwidth s h a l l  
be s u f f i c i e n t  t o  r e s u l t  i n  t h e  s p e c i f i e d  MTI performance f o r  both weak and 
s t r o n g  r a d a r  r e t u r n s .  

3.11.6.2 Phase d e t e c t o r . -  The phase d e t e c t o r  c h a r a c t e r i s t i c  s h a l l  be l i n e a r  - 
f o r  s i g n a l s  below limit l e v e l .  The ou tpu t  of t h e  phase d e t e c t o r  s h a l l  possess  
a n  e s s e n t i a l l y  l i n e a r  sawtooth-balanced c h a r a c t e r i s t i c  w i th  p o s i t i v e  and 
nega t ive  ampl i tudes  w i t h i n  2  dB of each  o t h e r .  

3.11.6.3 LON pass  f i l t e r . -  The output  of t h e  phase d e t e c t o r  s h a l l  be f e d  
t o  a  low pass  f i l t e r  wi th  t h e  bandwidth necessary  t o  ach ieve  proper  MTI 
performance f o r  both weak and s t rong  r a d a r  r e t u r n s ,  but no t  less than 1.0 
d iv ided  by t h e  pu l se  width i n  microseconds. 

3.11.6.4 IF  tes t  pu l se  gene ra to r . -  A b u i l t - i n  coherent  IF t e s t  pu lse  g e n e r a t o r  
s h a l l  be incorpora ted  t h a t  w i l l  g ene ra t e  a series of t e s t  pu l se s  i n  phase wi th  
t h e  t r a n s m i t t e r  pu lse .  The s e r i e s  of t e s t  pu l se s  s h a l l  be genera ted  by a  
pulsed 30 MHz s i g n a l  from t h e  COHO. These pu l se s  s h a l l  be f e d  t o  t h e  MTI 
system f o r  o p e r a t i o n  e v a l u a t i o n  and adjustment .  Gain compensation s h a l l  be 
incorpora ted  i n  t h e  c i r c u i t r y  t o  s t a n d a r d i z e  t he  ampli tude of t h e  t e s t  
pu l se s  t o  a  uniform peak l e v e l .  S u f f i c i e n t  number of test  pu l se s  s h a l l  be 
a v a i l a b l e  t o  cover  a minimum range of 40 mi l e s  wi th  pu l se  spacing not  t o  
exceed two n a u t i c a l  m i l e s .  Tes t  pu l se  ampli tude s h a l l  be s u f f i c i e n t  t o  
l i m i t  i n  t h e  IF  a m p l i f i e r  a t  normal ope ra t i ng  s e t t i n g  of g a i n  con t ro l s .  
S t a b i l i t y  of pu l se s  and ex t raneous  products  s h a l l  not  be l i m i t i n g  f a c t o r s  
i n  measurement. 

The IF  test  pu l se  g e n e r a t o r  s h a l l  a l s o  inc lude  a  s e p a r a t e ,  c r y s t a l  c o n t r o l l e d  
30 MHz RE pu l se  gene ra to r  t o  s imu la t e  random speed (non-coherent)  moving 
t a r g e t s .  The pulse  g e n e r a t o r  s h a l l  be capable  of being t r i g g e r e d  by an  
e x t e r n a l  v o l t a g e  g r e a t e r  than +3.5 VDC (nominal +,5 VDC). The output  s h a l l  
be a d j u s t a b l e  from ze ro  up t o  a po in t  t h a t  a  s i g n a l  l e v e l  20 dB above RMS 
r e c e i v e r  n o i s e  can be ob ta ined  wi th  55 dB a t t e n u a t i o n  i n s e r t e d  between t h e  
gene ra to r  and t h e  r e c e i v e r  preamp. Any r e s i d u a l  CW s h a l l  be a t  l e a s t  
70 dB down. The output  pu l se  width s h a l l  be 0.6 f 0.1 microsecond. The 
RF pulse  ou tput  and t h e  no i se  test  gene ra to r  (3.11.7.3) ou tput  s h a l l  be 
combined p r i o r  t o  t h e  a t t e n u a t o r  (3.11.7.3) input .  
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3.11.6.5 C i r c u i t  i n t e r a c t i o n . -  A l l  I F  and video modules s h a l l  be designed 
t o  prec lude  i n t e r a c t i o n  between normal and MTI I F  and v ideo  p o r t i o n s  
of t h e  r e c e i v e r ,  even wi th  extreme maladjustment of any combination of I F ,  
v ideo  and v ideo  l i m i t  l e v e l  g a i n  c o n t r o l s .  The des ign  of t h e  IF  pre-arnpli- 
f i e r  and a m p l i f i e r s  s h a l l  be such a s  t o  minimize feed-through.  

3.11.6.6 Receiver  system performance.- The ind iv idua l  r e c e i v e r  component 
performance c h a r a c t e r i s t i c s  p rev ious ly  s p e c i f i e d  a r e  t h e  minimum accep tab l e ;  
t he  c o n t r a c t o r  s h a l l  provide any a d d i t i o n a l  performance of any component a s  
r equ i r ed  t o  meet a l l  o t h e r  system performance s p e c i f i e d  he re in .  I n  a d d i t i o n ,  
t h e  r e c e i v e r  a s  a  system s h a l l  perform as s p e c i f i e d  below: 

Receiver  Noise Figure* 4.0 dB Max. 

Minimum d i s c e r n i b l e  s i g n a l  (MDS) 
Norma 1  R e  ce i ve  r 
MTI Receiver  
Normal Log Receivers  ( a s  measured 
a t  ou tput  of a n t i - l o g  c i r c u i t )  

MTI Log Receiver ( a s  measured a t  
ou tput  of a n t i - l o g  c i r c u i t )  

-110 dBm 
-108 dBm 
Not more than  1.0 dB 

below t h e  normal l i n e a r  
r e c e i v e r  MDS. 

Not more t han  2.0 dB below 
t h e  MTI l i n e a r  r e c e i v e r  
MDS 

*Referenced t o  r e c e i v e r  waveguide tes t  coupler  between c i r c u l a t o r  and 
d i p l e x e r  . 

A l l  r e c e i v e r  performance requirements  s h a l l  be m e t  f o r  r ecep t ion  on both t h e  
main (low beam) and pass ive  (h igh  beam) f eed  horns.  

3.11.7 MTI and Normal l oga r i t hmic  r e c e i v e r  c i r c u i t r y . -  The a c t i o n  of t h e  
l oga r i t hmic  r e c e i v e r  c i r c u i t r y  s h a l l  provide a  super  c l u t t e r  c a p a b i l i t y  f o r  
a i r c r a f t  t a r g e t s  t h a t  are competing wi th  p r e c i p i t a t i o n  c l u t t e r  r e t u r n s .  It 
s h a l l  be designed s o  t h a t  when it i s  s e l e c t e d  f o r  use ,  any a i r c r a f t  t a r g e t  
t h a t  has  a s i g n a l  r e t u r n  2 dB g r e a t e r  than t h e  p r e c i p i t a t i o n  c l u t t e r  w i l l  
no t  be precluded from d e t e c t i o n  due t o  s a t u r a t i o n  o r  l i m i t i n g  of t h e  IF and 
v ideo  f o r  c l u t t e r  l e v e l s  up t o  58 dB above MDS no i se  l e v e l  f o r  t h e  normal 
channel and t o  w i th in  2 dB of t h e  MTI IF l i m i t  l e v e l  f o r  t h e  MTI channel. 
Zrl  a d d i t i o n ,  t h e  l oga r i t hmic  r e c e i v e r  c i r c u i t r y  s h a l l  reduce p r e c i p i t a t i o n  
c l u t t e r  s i g n a l s  t o  no i se  l e v e l .  

3.11.7.1 Normal log-FTC-anti-log c i r c u i t r y . -  A l oga r i t hmic  a m p l i f i e r  fol lowed 
by a f a s t  t i m e  cons t an t  (FTC) c i r c u i t  and an a n t i - l o g a r i t h m i c  a m p l i f i e r  s h a l l  
be included i n  t he  r e c e i v e r  fo l lowing  the  r e c e i v e r  p reampl i f i e r .  The logar -  
i t hmic  r e c e i v e r  s h a l l  c o n s i s t  of a loga r i t hmic  I F  a m p l i f i e r  ( l o g  IF)  f e d  by 
t h e  preamp fol lowed by a  f a s t  t i m e  cons t an t  (FTC) c i r c u i t  and an a n t i - l o g a r -  
i t hmic  v ideo  c i r c u i t  ( a n t i - l o g ) .  There s h a l l  be no leakage from any of t h e  
I F  a m p l i f i e r s  t o  r e s u l t  i n  an  F'TC pedes t a l  o r  o t h e r  d e l e t e r i o u s  e f f e c t s .  No 
humps, v ideo  r i n g i n g ,  o r  b a s e l i n e  d i s t o r t i o n  s h a l l  be ev iden t  a t  t h e  ou tput  
of t he  a n t i - l o g  c i r c u i t r y .  The minimum d i s c e r n i b l e  s i g n a l  of t h e  normal 
l oga r i t hmic  r e c e i v e r  s h a l l  be w i t h i n  1 dB of t he  normal l i n e a r  r ece ive r .  
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The s t a b i l i t y  of t h e  o v e r a l l  log  I F ,  FTC, and a n t i - l o g  c i r c u i t r y  s h a l l  be 
such t h a t  i t  s h a l l  no t  r e q u i r e  adjustment  more f r e q u e n t l y  than  monthly i n  
o r d e r  t o  remain w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e s  over  t h e  complete range of 
s e r v i c e  condi t ions .  

3.11.7.1.1 Logari thmic I F  ampl i f i e r . -  The bandwidth of t h e  log IF  s h a l l  be - 
s e l e c t e d  by t h e  c o n t r a c t o r  t o  provide f o r  optimum d e t e c t i o n  of a i r c r a f t  

e 
r e t u r n s  when competing wi th  p r e c i p i t a t i o n  c l u t t e r  r e t u r n s .  The c e n t e r  
f requency s h a l l  be between 29.8 and 30.2 MHz and t h e  d i f f e r e n c e  from t h e  
c e n t e r  f r equenc i e s  of both t h e  MTI and t h e  normal l i n e a r  IF  s h a l l  no t  exceed 
0.2 MHz. The c e n t e r  f requency s h a l l  be maintained w i t h i n  t h e s e  l i m i t s  and . 
t h e  bandwidth s h a l l  remain e s s e n t i a l l y  cons t an t  over  t h e  complete dynamic 
range a s  s p e c i f i e d  below. I f  necessary ,  a bandpass f i l t e r  s h a l l  be incor -  
pora ted  ahead of t h e  log I F  t o  main ta in  t h e  cons t an t  bandwidth cha rac t e r -  
i s t ic .  The dynamic range of t h e  log  I F  s h a l l  be a t  least 80 dB. A logar -  
i thmic  c h a r a c t e r i s t i c  w i t h i n  21.0 dB of t h e o r e t i c a l  s h a l l  be maintained 
over  t h e  e n t i r e  dynamic range a t  a l l  f r equenc i e s  between t h e  3 dB bandwidth; 
except  t h a t  i f  a t i g h t e r  t o l e r a n c e  is  r equ i r ed  t o  meet o t h e r  s p e c i f i e d  
requirements ,  t h e  t i g h t e r  t o l e r a n c e  s h a l l  be met. Provis ion  s h a l l  be 
made s o  t h a t  t he  n o i s e  l e v e l  a t  t h e  input  of t he  log I F  can be a d j u s t e d  
so  t h a t  the  l oga r i t hmic  c h a r a c t e r i s t i c  can be opera ted  a t  any d e s i r e d  l e v e l  
from 15 t o  25 dB below t h e  RMS no i se  l e v e l .  

3.11.7.1.2 F a s t  time cons t an t  (FTC1.- A f a s t  time cons tan t  c i r c u i t  des ign  
equa l  t o  o r  b e t t e r  i n  performance than  t h e  de l ay  l i n e / f i l t e r  s u b t r a c t i o n  
type  s h a l l  be incorpora ted  fo l lowing  t h e  v ideo  output  of t h e  log I F  and 
p r i o r  t o  t h e  a n t i - l o g  c i r c u i t r y .    he f i l t e r  c i r c u i t r y  s h a l l  be-designed 
t o  minimize any r educ t ion  i n  s e n s i t i v i t y  fo l lowing  c l u t t e r  blocks having 
f a s t  f a l l  t ime,  The FTC c i r c u i t r y  s h a l l  au toma t i ca l l y  a d j u s t  t h e  mean 
va lue  of o u t p u t s  from t h e  log I F  t h a t  a r e  longer  than t h e  t r a n s m i t t e r  RF 
pu l se  width,  s o  t h a t  t h e  amplitude of t he  p r e c i p i t a t i o n  c l u t t e r  and t h e  
n o i s e  are t h e  same w i t h  r e s p e c t  t o  t h e  b a s e l i n e ,  whi le  a t  t he  same t i m e  
r e t a i n i n g  t h e  ampli tude of p o i n t  source  t a r g e t  r e t u r n s .  

3.11.7.1.3 Ant i - logar i thmic  video.- Following t h e  FTC c i r c u i t ,  an a n t i - l o g  
v ideo  c i r c u i t  s h a l l  be provided t o  r e s t o r e  t h e  r e l a t i v e  s i g n a l - t o - n o i s e  l e v e l  
t o  t h a t  a t  t h e  i npu t  t o  t h e  log  IF. The a n t i - l o g  c h a r a c t e r i s t i c  s h a l l  be 
maintained s u f f i c i e n t l y  above and below t h e  no i se  l e v e l  s o  t h a t  t h e  appear-  
ance of t h e  v ideo  when subsequent ly  l i m i t e d  w i l l  resemble t h a t  produced by 
t h e  normal l i n e a r  IF  and v ideo  a m p l i f i e r s .  A g a i n  c o n t r o l  s h a l l  be provided 
fo l lowing  t h e  a n t i - l o g  c i r c u i t r y  t o  permit t h e  no i se  l e v e l  t o  be ad jus t ed  t o  
match any a d j u s t e d  l e v e l  of no i se  of t h e  normal l i n e a r  IF  and video a m p l i f i e r s .  
P rov i s ion  s h a l l  be made f o r  system c o n t r o l  swi tch ing  t o  s e l e c t  e i t h e r  t h e  
log-FTC-anti-log v ideo  o r  t h e  normal v ideo  a s  t he  remoted video. 

3.11.7.1.4 Weather v ideo  output . -  A s e p a r a t e  i s o l a t e d  v ideo  output  of t h e  
normal log IF  s h a l l  be provided. This  ou tput  i s  t o  be used by t h e  Government 
f o r  weather o u t l i n e  contouring.  A v ideo  g a i n  c o n t r o l  s h a l l  be provided s o  
t h a t  t h e  maximum video  output  of t h e  weather channel can be a d j u s t e d  from 
2 v o l t s  peak t o  5 v o l t s  peak. There s h a l l  be no l i m i t i n g ,  s a t u r a t i o n ,  
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The s t a b i l i t y  of t h e  o v e r a l l  log  I F ,  FTC, and a n t i - l o g  c i r c u i t r y  s h a l l  be 
such t h a t  i t  s h a l l  no t  r e q u i r e  adjustment  more f r e q u e n t l y  than  monthly i n  
o r d e r  t o  remain w i t h i n  t h e  s p e c i f i e d  t o l e r a n c e s  over  t h e  complete range of 
s e r v i c e  condi t ions .  

3.11.7.1.1 Logari thmic I F  ampl i f i e r . -  The bandwidth of t h e  log IF  s h a l l  be - 
s e l e c t e d  by t h e  c o n t r a c t o r  t o  provide f o r  optimum d e t e c t i o n  of a i r c r a f t  

e 
r e t u r n s  when competing wi th  p r e c i p i t a t i o n  c l u t t e r  r e t u r n s .  The c e n t e r  
f requency s h a l l  be between 29.8 and 30.2 MHz and t h e  d i f f e r e n c e  from t h e  
c e n t e r  f r equenc i e s  of both t h e  MTI and t h e  normal l i n e a r  IF  s h a l l  no t  exceed 
0.2 MHz. The c e n t e r  f requency s h a l l  be maintained w i t h i n  t h e s e  l i m i t s  and . 
t h e  bandwidth s h a l l  remain e s s e n t i a l l y  cons t an t  over  t h e  complete dynamic 
range a s  s p e c i f i e d  below. I f  necessary ,  a bandpass f i l t e r  s h a l l  be incor -  
pora ted  ahead of t h e  log I F  t o  main ta in  t h e  cons t an t  bandwidth cha rac t e r -  
i s t ic .  The dynamic range of t h e  log  I F  s h a l l  be a t  least 80 dB. A logar -  
i thmic  c h a r a c t e r i s t i c  w i t h i n  21.0 dB of t h e o r e t i c a l  s h a l l  be maintained 
over  t h e  e n t i r e  dynamic range a t  a l l  f r equenc i e s  between t h e  3 dB bandwidth; 
except  t h a t  i f  a t i g h t e r  t o l e r a n c e  is  r equ i r ed  t o  meet o t h e r  s p e c i f i e d  
requirements ,  t h e  t i g h t e r  t o l e r a n c e  s h a l l  be met. Provis ion  s h a l l  be 
made s o  t h a t  t he  n o i s e  l e v e l  a t  t h e  input  of t he  log I F  can be a d j u s t e d  
so  t h a t  the  l oga r i t hmic  c h a r a c t e r i s t i c  can be opera ted  a t  any d e s i r e d  l e v e l  
from 15 t o  25 dB below t h e  RMS no i se  l e v e l .  

3.11.7.1.2 F a s t  time cons t an t  (FTC1.- A f a s t  time cons tan t  c i r c u i t  des ign  
equa l  t o  o r  b e t t e r  i n  performance than  t h e  de l ay  l i n e / f i l t e r  s u b t r a c t i o n  
type  s h a l l  be incorpora ted  fo l lowing  t h e  v ideo  output  of t h e  log I F  and 
p r i o r  t o  t h e  a n t i - l o g  c i r c u i t r y .    he f i l t e r  c i r c u i t r y  s h a l l  be-designed 
t o  minimize any r educ t ion  i n  s e n s i t i v i t y  fo l lowing  c l u t t e r  blocks having 
f a s t  f a l l  t ime,  The FTC c i r c u i t r y  s h a l l  au toma t i ca l l y  a d j u s t  t h e  mean 
va lue  of o u t p u t s  from t h e  log I F  t h a t  a r e  longer  than t h e  t r a n s m i t t e r  RF 
pu l se  width,  s o  t h a t  t h e  amplitude of t he  p r e c i p i t a t i o n  c l u t t e r  and t h e  
n o i s e  are t h e  same w i t h  r e s p e c t  t o  t h e  b a s e l i n e ,  whi le  a t  t he  same t i m e  
r e t a i n i n g  t h e  ampli tude of p o i n t  source  t a r g e t  r e t u r n s .  

3.11.7.1.3 Ant i - logar i thmic  video.- Following t h e  FTC c i r c u i t ,  an a n t i - l o g  
v ideo  c i r c u i t  s h a l l  be provided t o  r e s t o r e  t h e  r e l a t i v e  s i g n a l - t o - n o i s e  l e v e l  
t o  t h a t  a t  t h e  i npu t  t o  t h e  log  IF. The a n t i - l o g  c h a r a c t e r i s t i c  s h a l l  be 
maintained s u f f i c i e n t l y  above and below t h e  no i se  l e v e l  s o  t h a t  t h e  appear-  
ance of t h e  v ideo  when subsequent ly  l i m i t e d  w i l l  resemble t h a t  produced by 
t h e  normal l i n e a r  IF  and v ideo  a m p l i f i e r s .  A g a i n  c o n t r o l  s h a l l  be provided 
fo l lowing  t h e  a n t i - l o g  c i r c u i t r y  t o  permit t h e  no i se  l e v e l  t o  be ad jus t ed  t o  
match any a d j u s t e d  l e v e l  of no i se  of t h e  normal l i n e a r  IF  and video a m p l i f i e r s .  
P rov i s ion  s h a l l  be made f o r  system c o n t r o l  swi tch ing  t o  s e l e c t  e i t h e r  t h e  
log-FTC-anti-log v ideo  o r  t h e  normal v ideo  a s  t he  remoted video. 

3.11.7.1.4 Weather v ideo  output . -  A s e p a r a t e  i s o l a t e d  v ideo  output  of t h e  
normal log IF  s h a l l  be provided. This  ou tput  i s  t o  be used by t h e  Government 
f o r  weather o u t l i n e  contouring.  A v ideo  g a i n  c o n t r o l  s h a l l  be provided s o  
t h a t  t h e  maximum video  output  of t h e  weather channel can be a d j u s t e d  from 
2 v o l t s  peak t o  5 v o l t s  peak. There s h a l l  be no l i m i t i n g ,  s a t u r a t i o n ,  
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and preamp inpu t  and a d j u s t  t h e  s i g n a l  g e n e r a t o r  ou tput  f o r  a  v ideo  pulse  
ampli tude of 4  times t h e  RMS no i se  l e v e l  a t  t h e  a n t i - l o g  v ideo  output .  
Record t h e  v ideo  ampli tude a t  each po in t  as t h e  s i g n a l  g e n e r a t o r  ou tpu t  i s  
reduced i n  3  dB increments  u n t i l  t h e  s i g n a l  i s  reduced by a t o t a l  of 12 dB. 
The s i g n a l  ampli tude a t  each po in t  s h a l l  correspond t o  a  t h e o r e t i c a l l y  
l i n e a r  c h a r a c t e r i s t i c  w i t h i n  220%. Any o t h e r  test methods t h e  c o n t r a c t o r  
may wish t o  u se  s h a l l  be s u b j e c t  t o  Government approva l .  

1 

3.11.7.2 MTI-log-FTC-circuitry.- The c i r c u i t r y  s h a l l  be t o t a l l y  d i g i t a l  i n  
na tu re .  Exception t o  t h i s  w i L l  be allowed only  i f  it  can be shown t h a t  . t h e  use of ana log  c i r c u i t r y  is  r equ i r ed  t o  meet t h e  s t a t e d  performance 
requirements .  P rov i s ion  f o r  switching from MTI t o  log  MTI s h a l l  be pro- 
vided.  The loga r i t hmic  c i r c u i t r y  s h a l l  c o n s i s t  of a  d i g i t a l  l oga r i t hmic  
c i r c u i t  (DLC) fol lowed by a f a s t  time cons t an t  (FTC) c i r c u i t  and an a n t i -  
l oga r i t hmic  c i r c u i t  ( a n t i - l o g ) ,  f e d  from an  ou tpu t  from t h e  MTI channel 
fo l lowing  c a n c e l l a t i o n ,  but  p r i o r  t o  t h e  l i m i t i n g  of t h e  MTI video.  The 
minimum d i s c e r n i b l e  s i g n a l  of t he  MTI loga r i t hmic  c i r c u i t r y  s h a l l  be 
w i t h i n  2  dB of t h e  r e g u l a r  MTI r ece ive r .  The s t a b i l i t y  of t h e  o v e r a l l  DLC, 
FTC, and a n t i - l o g  c i r c u i t r y  s h a l l  be such t h a t  i t  s h a l l  no t  r e q u i r e  a d j u s t -  
ment more f r e q u e n t l y  than  monthly i n  order  t o  remain w i th in  t he  s p e c i f i e d  
t o l e r a n c e s  over  t h e  complete range of s e r v i c e  cond i t i ons .  

3.11.7.2.1 D i g i t a l  l oga r i t hmic  c i r c u i t . -  The dynamic range of t h e  DLC s h a l l  - 
be not  less than  t h a t  of t he  MTI'A/D conver te r .  It s h a l l  main ta in  a logar -  
i t hmic  c h a r a c t e r i s t i c  w i t h i n  2 0.5 dB of t h e o r e t i c a l  over  t h e  s p e c i f i e d  
dynamic range except  t h a t  i f  a  t i g h t e r  t o l e r a n c e  i s  r equ i r ed  t o  meet o t h e r  
s p e c i f i e d  requirements ,  t h e  t i g h t e r  t o l e r a n c e  s h a l l  be met. Provis ion  s h a l l  
be made so  t h a t  t h e  DLC s h a l l  o p e r a t e  w i th  an  RMS n o i s e  l e v e l  a t  t h e  input  
a t  any d e s i r e d  l e v e l  from 15 t o  30 dB above t h e  lower end of t h e  s p e c i f i e d  
l oga r i t hmic  c h a r a c t e r i s t i c ,  as determined by t h e  MTI IF  g a i n  con t ro l .  

3.11.7.2.2 F a s t  t i m e  cons t an t  (FTC).- A d i g i t a l  f a s t  t i m e  cons t an t  c i r c u i t  
equa l  t o  o r  b e t t e r  i n  performance than  t h e  d e l a y / f i l t e r  s u b t r a c t i o n  type ,  
s h a l l  be incorpora ted  fo l lowing  t h e  ou tput  of t h e  DLC p r i o r  t o  t he  a n t i - l o g  
c i r c u i t r y .  The c i r c u i t r y  s h a l l  be designed t o  minimize any r educ t ion  i n  
s e n s i t i v i t y  fo l lowing  c l u t t e r  b locks  having f a s t  f a l l  t i m e .  The FTC c i r c u i t r y  
s h a l l  e l i m i n a t e  t he  mean va lue  of o u t p u t s  from t h e  DLC t h a t  are longer  than 
t h e  t r a n s m i t t e r  RF pu l se  width,  so  t h a t  t h e  ampli tude of t h e  p r e c i p i t a t i o n  
c l u t t e r  and t h e  n o i s e  are e q u a l ,  while  a t  t h e  same t i m e  r e t a i n i n g  t h e  ampli-  
tude  of po in t  source  t a r g e t  r e t u r n s .  

3.11.7.2.3 An t i - l oga r i t hmic  v ideo  da t a . -  Following t h e  d i g i t a l  FTC c i r c u i t  
a d i g i t a l  a n t i - l o g  c i r c u i t  s h a l l  be provided s o  as t o  r e s t o r e  t h e  r e l a t i v e  
s i g n a l - t o - n o i s e  l e v e l  t o  t h a t  at t h e  i npu t  t o  t h e  DLC. The a n t i - l o g  cha rac t e r -  
i s t i c  s h a l l  be maintained s u f f i c i e n t l y  above and below t h e  no i se  l e v e l  s o  
t h a t  t h e  appearance of t h e  v ideo  when subsequent ly  l i m i t e d  w i l l  resemble 
t h a t  produced by t h e  r e g u l a r  MTI channel.  A c o n t r o l  s h a l l  be provided 
fo l lowing  the  a n t i - l o g  c i r c u i t r y  t o  permit t h e  no i se  l e v e l  t o  be ad jus t ed  t o  
match any ad jus t ed  l e v e l  of no i se  of t h e  r e g u l a r  MTI channel.  Provis ion  
s h a l l  be made f o r  system c o n t r o l  swi tch ing  t o  s e l e c t  e i t h e r  MTI log-FTC- 
a n t i - l o g  o r  MTI as t h e  remoted video. 



3.11.7.2.4 Weather background.-  An o u t p u t  from t h e  MTI j u s t  p r i o r  t o  
b e i n g  p r o c e s s e d  by t h e  DLC, f i l t e r e d  t o  r educe  t h e  n o i s e  l e v e l ,  s h a l l  be 
used t o  p rov ide  wea the r  background. A t h r e s h o l d  l e v e l ,  a d j u s t a b l e  between 
a n  i n p u t  s i g n a l  l e v e l  of 10  dB above t h e  RMS n o i s e  and maximum a m p l i t u d e ,  
which can be swi tched  i n  o r  o u t ,  s h a l l  be p rov ided .  When t h e  v i d e o  d a t a  
exceeds  t h e  t h r e s h o l d  l e v e l ,  t h e  wea the r  background v i d e o  d a t a  s h a l l  be 
b lanked.  T h i s  v i d e o  d a t a  s h a l l  be f e d  t o  e i t h e r  one of two l o c a l l y  
s e l e c t a b l e  c i r c u i t s .  One c i r c u i t  s h a l l  t o p  c l i p  o r  l i m i t  t h e  v i d e o  d a t a  
a t  a l e v e l  a d j u s t a b l e  between a n  i n p u t  s i g n a l  l e v e l  of 0  and 15 dB above 
RMS n o i s e ,  and bottom c l i p  t h e  v i d e o  a t  a n  a d j u s t a b l e  l e v e l  between a n  
i n p u t  s i g n a l  l e v e l  of  0  and 15  dB above RMS n o i s e .  The o t h e r  c i r c u i t  s h a l l  
bottom c l i p  t h e  v i d e o  a t  a n  a d j u s t a b l e  l e v e l  between a n  i n p u t  s i g n a l  l e v e l  
of 0  and 15 dB above RMS n o i s e  and q u a n t i z e  t h e  remain ing  v ideo .  The 
r e s u l t i n g  background v i d e o  from t h e  s e l e c t e d  c i r c u i t s  s h a l l  be f e d  th rough  
a v a r i a b l e  a m p l i t u d e  c i r c u i t  and t h e n  mixed w i t h  t h e  log-FTC-ant i - log v i d e o  
i n  a n  a d d i t i v e  manner a t  any l e v e l  from z e r o  t o  a l e v e l  which w i l l  a l l o w  
t h e  wea the r  background and log-FTC-ant i - log v i d e o  l e v e l s  t o  be matched. 
P r o v i s i o n s  s h a l l  be made f o r  l o c a l  and remote s t e p  c o n t r o l s  t h a t  w i l l  
pe rmi t  t h e  background v i d e o  t o  be a d j u s t e d  t o  z e r o ,  maximum, and two i n t e r -  
med ia te  l e v e l s .  The maximum l e v e l  s h a l l  be t h e  l e v e l  s e t  by a l o c a l  
con t r o  1. 

3.11.7.2.5 Video c o i n c i d e n c e . -  P r o v i s i o n  s h a l l  be i n c l u d e d  as n e c e s s a r y  t o  
i n s u r e  t h a t  t h e  v i d e o  o u t p u t s  a r e  i n  t i m e  c o i n c i d e n c e  f o r  t h e  o u t p u t s  of t h e  
MTI c i d e o ,  t h e  MTI log-FTC-anti- . log v i d e o ,  and t h e  wea the r  background v i d e o .  

3.11.7.2.6 O v e r a l l  l o g a r i t h m i c  r e c e i v e r  performance.-  The o v e r a l l  performance 
of t h e  l o g ,  FTC, and a n t i - l o g  c i r c u i t r y  s h a l l  be measured i n  accordance  
w i t h  t h e  f o l l o w i n g  t e s t  p rocedure :  Using a pulse-modula ted I F  n o i s e  s o u r c e  
(3.11.7.3) a d j u s t e d  f o r  100 microseconds  d u r a t i o n  and a p u l s e d  I F  s i g n a l  
g e n e r a t o r  (3.11.6.4) a d j u s t e d  t o  0.6 microsecond d u r a t i o n ,  connect  them 
th rough  a c a l i b r a t e d  v a r i a b l e  a t t e n u a t o r  and a n  I F  c o u p l e r  t o  t h e  i n p u t  of  
t h e  MTI I F  a m p l i f i e r  w i t h  t h e  r e c e i v e r  mixer  and preamp s t i l l  connected.  
With 48 dB of a t t e n u a t i o n  i n s e r t e d ,  a d j u s t  t h e  o u t p u t  of t h e  p u l s e d  n o i s e  
s o u r c e  t o  p r e s e n t  a s i g n a l  a t  t h e  b i - p o l a r  o u t p u t  of t h e  MTI r e c e i v e r  10  dB 
above t h e  RMS n o i s e  l e v e l .  Adjus t  t h e  non-coherent  I F  p u l s e  s i g n a l  t o  12 dB 
above t h e  RMS n o i s e  l e v e l .  Superimpose t h e  two p u l s e s  and o b s e r v e  t h e  o u t p u t  
of t h e  a n t i - l o g  v i d e o  as t h e  48 dB a t t e n u a t i o n  i s  removed i n  3  dB s t e p s .  A t  
each s t e p ,  t h e  n o i s e  l e v e l  of  t h e  n o i s e  p u l s e  s h a l l  be e s s e n t i a l l y  a t  t h e  
same l e v e l  as t h e  sys tem n o i s e ,  and v i d e o  r e s u l t i n g  from t h e  I F  p u l s e  s i g n a l  
s h a l l  be d e t e c t a b l e  above t h e  n o i s e .  T h i s  c h a r a c t e r i s t i c  s h a l l  be main ta ined  
u n t i l  l i m i t i n g  of  t h e  superimposed p u l s e  combinat ion b e g i n s  t o  o c c u r  a t  t h e  
MTI IF  l i m i t ,  as obse rved  a t  t h e  b i - p o l a r  o u t p u t  of t h e  MTI r e c e i v e r .  D i s -  
connect  t h e  I F  n o i s e  s o u r c e  and preamp i n p u t  and a d j u s t  t h e  s i g n a l  g e n e r a t o r  
o u t p u t  f o r  a v i d e o  p u l s e  a m p l i t u d e  of 4  t i m e s  t h e  RMS n o i s e  l e v e l  a t  t h e  MTI 
a n t i - l o g  v i d e o  o u t p u t .  Record t h e  a m p l i t u d e  a t  e a c h  p o i n t  as t h e  s i g n a l  
g e n e r a t o r  o u t p u t  i s  reduced i n  3 dB i n c r e m e n t s  u n t i l  t h e  s i g n a l  i s  reduced 
by a t o t a l  of  12 dB. The s i g n a l  a m p l i t u d e  a t  e a c h  p o i n t  s h a l l  co r respond  
t o  a t h e o r e t i c a l l y  l i n e a r  c h a r a c t e r i s t i c  w i t h i n  2 10%. Any o t h e r  t e s t  method 
t h e  c o n t r a c t o r  may wish t o  u s e  s h a l l  be s u b j e c t  t o  Government a p p r o v a l .  



-47- FAA-E-2506 

3.11.7.3 Noise test  gene ra to r . -  A b u i l t - i n  I F  no i se  source  and v a r i a b l e  
a t t e n u a t o r  s h a l l  be provided f o r  each channel.  The no i se  g e n e r a t o r  and 
t h e  I F  test  pu l se  (3.11.6.4) s h a l l  be combined and t h e  composite s i g n a l  
connected t o  t h e  IF  p r e a m p l i f i e r  through t h e  a t t e n u a t o r  t o  f e e d  both t h e  
MTI and t h e  normal l oga r i t hmic  r e c e i v e r  c i r c u i t r y .  The n o i s e  gene ra to r  
s h a l l  have an a d j u s t a b l e  ou tput  l e v e l  up t o  65 dB above t h e  RMS no i se  l e v e l  
of t h e  p reampl i f i e r .  The v a r i a b l e  a t t e n u a t o r  s h a l l  have a  minimum of 65 dB 
of a t t e n u a t i o n  removable i n  s t e p s  of 1 dB down t o  t h e  i n s e r t i o n  l o s s  l e v e l .  
The i n s e r t i o n  l o s s  of t h e  a t t e n u a t o r  s h a l l  not  be g r e a t e r  than  5 dB. The 
no i se  g e n e r a t o r  s h a l l  be capable  of being ga t ed  on and o f f  by an e x t e r n a l  
source  f o r  any dura t ' ion  between 40 and 740 microseconds. The no i se  source  
ou tpu t  s h a l l  be ga t ed  on when a v o l t a g e  g r e a t e r  than +3.5 VDC (nominal 
+5.0 VDC) i s  a p p l i e d  and ga t ed  o f f  when a vo l t age  l e s s  t han  0.5 VDC 
(nominal 0.0 VDC) i s  app l i ed .  P rov i s ion  s h a l l  be incorpora ted  s o  t h a t  wi th  
a f a s t  rise t i m e  g a t e  i n p u t ,  t h e  r i s e  and f a l l  t i m e  of t h e  ou tput  no i se  s h a l l  
be a d j u s t a b l e  from 0.1 microsecond t o  20 microseconds. The r i s e  and f a l l  
t ime s h a l l  be e s s e n t i a l l y  l i n e a r .  A maintenance switch s h a l l  be provided 
s o  t h a t  t h e  no i se  source  can be tu rned  on and o f f .  

3.11.8 Radio frequency g e n e r a t o r  (RFG).- The RF frequency gene ra to r  s h a l l  
provide t h e  r e c e i v e r  s t a b l e  l o c a l  o s c i l l a t o r  s i g n a l s ,  t r a n s m i t t e r  RF d r i v e  
s i g n a l ,  coherent  o s c i l l a t o r  s i g n a l s  and o t h e r  low l e v e l  RF s i g n a l s  as 
requi red .  The RFG s h a l l  d e r i v e  a l l  s i g n a l s  from not  more than two c r y s t a l  
o s c i l l a t o r s  u t i l i z i n g  a p p r o p r i a t e  mixers and m u l t i p l i e r  chains .  Changing t h e  
o p e r a t i n g  frequency of t h e  system s h a l l  r e q u i r e  replacement of on ly  one 
c r y s t a l  per  channel.  

3.11.8.1 Shie ld ing . -  Radia t ion  from t h e  RFG s h a l l  no t  adverse ly  a f f e c t  r a d a r  
system performance. The s h i e l d i n g  s h a l l  be s u f f i c i e n t  t o  prevent  any f i e l d s  
from ext raneous  energy from i n t e r f e r i n g  wi th  t he  achievement of equipment 
performance requirements  o r  r e s u l t i n g  i n -  any d e t e r i o r a t i o n  i n  system per-  
f  ormance. In t e r connec t ing  cab l e s  and l eads  s h a l l  be sh i e lded  and f i l t e r e d  
as r equ i r ed  t o  prevent  any frequency i n s t a b i l i t y  which may r e s u l t  from 
c i r c u i t  c ross -coupl ing  o r  t h e  t r ansmis s ion  of t r a n s i e n t s  from e x t e r n a l  
c i r c u i t s  t o  t h e  RFG. 

3.11.8.2 Adiustment.- The RFG tuning  procedure s h a l l  no t  be complicated o r  
c r i t i c a l  i n  adjustment .  No tun ing ,  ope ra t i ng  adjustment ,  o r - t e s t  measure- 
ments s h a l l  be r equ i r ed  more f r e q u e n t l y  t han  weekly. A f requency change of 
+2 MHz s h a l l  be p o s s i b l e  without  re tun ing .  - 
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3.11.7.3 Noise test  gene ra to r . -  A b u i l t - i n  I F  no i se  source  and v a r i a b l e  
a t t e n u a t o r  s h a l l  be provided f o r  each channel.  The no i se  g e n e r a t o r  and 
t h e  I F  test  pu l se  (3.11.6.4) s h a l l  be combined and t h e  composite s i g n a l  
connected t o  t h e  IF  p r e a m p l i f i e r  through t h e  a t t e n u a t o r  t o  f e e d  both t h e  
MTI and t h e  normal l oga r i t hmic  r e c e i v e r  c i r c u i t r y .  The n o i s e  gene ra to r  
s h a l l  have an a d j u s t a b l e  ou tput  l e v e l  up t o  65 dB above t h e  RMS no i se  l e v e l  
of t h e  p reampl i f i e r .  The v a r i a b l e  a t t e n u a t o r  s h a l l  have a  minimum of 65 dB 
of a t t e n u a t i o n  removable i n  s t e p s  of 1 dB down t o  t h e  i n s e r t i o n  l o s s  l e v e l .  
The i n s e r t i o n  l o s s  of t h e  a t t e n u a t o r  s h a l l  not  be g r e a t e r  than  5 dB. The 
no i se  g e n e r a t o r  s h a l l  be capable  of being ga t ed  on and o f f  by an e x t e r n a l  
source  f o r  any dura t ' ion  between 40 and 740 microseconds. The no i se  source  
ou tpu t  s h a l l  be ga t ed  on when a v o l t a g e  g r e a t e r  than +3.5 VDC (nominal 
+5.0 VDC) i s  a p p l i e d  and ga t ed  o f f  when a vo l t age  l e s s  t han  0.5 VDC 
(nominal 0.0 VDC) i s  app l i ed .  P rov i s ion  s h a l l  be incorpora ted  s o  t h a t  wi th  
a f a s t  rise t i m e  g a t e  i n p u t ,  t h e  r i s e  and f a l l  t i m e  of t h e  ou tput  no i se  s h a l l  
be a d j u s t a b l e  from 0.1 microsecond t o  20 microseconds. The r i s e  and f a l l  
t ime s h a l l  be e s s e n t i a l l y  l i n e a r .  A maintenance switch s h a l l  be provided 
s o  t h a t  t h e  no i se  source  can be tu rned  on and o f f .  

3.11.8 Radio frequency g e n e r a t o r  (RFG).- The RF frequency gene ra to r  s h a l l  
provide t h e  r e c e i v e r  s t a b l e  l o c a l  o s c i l l a t o r  s i g n a l s ,  t r a n s m i t t e r  RF d r i v e  
s i g n a l ,  coherent  o s c i l l a t o r  s i g n a l s  and o t h e r  low l e v e l  RF s i g n a l s  as 
requi red .  The RFG s h a l l  d e r i v e  a l l  s i g n a l s  from not  more than two c r y s t a l  
o s c i l l a t o r s  u t i l i z i n g  a p p r o p r i a t e  mixers and m u l t i p l i e r  chains .  Changing t h e  
o p e r a t i n g  frequency of t h e  system s h a l l  r e q u i r e  replacement of on ly  one 
c r y s t a l  per  channel.  

3.11.8.1 Shie ld ing . -  Radia t ion  from t h e  RFG s h a l l  no t  adverse ly  a f f e c t  r a d a r  
system performance. The s h i e l d i n g  s h a l l  be s u f f i c i e n t  t o  prevent  any f i e l d s  
from ext raneous  energy from i n t e r f e r i n g  wi th  t he  achievement of equipment 
performance requirements  o r  r e s u l t i n g  i n -  any d e t e r i o r a t i o n  i n  system per-  
f  ormance. In t e r connec t ing  cab l e s  and l eads  s h a l l  be sh i e lded  and f i l t e r e d  
as r equ i r ed  t o  prevent  any frequency i n s t a b i l i t y  which may r e s u l t  from 
c i r c u i t  c ross -coupl ing  o r  t h e  t r ansmis s ion  of t r a n s i e n t s  from e x t e r n a l  
c i r c u i t s  t o  t h e  RFG. 

3.11.8.2 Adiustment.- The RFG tuning  procedure s h a l l  no t  be complicated o r  
c r i t i c a l  i n  adjustment .  No tun ing ,  ope ra t i ng  adjustment ,  o r - t e s t  measure- 
ments s h a l l  be r equ i r ed  more f r e q u e n t l y  t han  weekly. A f requency change of 
+2 MHz s h a l l  be p o s s i b l e  without  re tun ing .  - 



-49- FAA-E-2506 

3.11.8.6 Metering.- A b u i l t - i n  tun ing  meter  w i th  a p p r o p r i a t e  switqhing - 
s h a l l  be provided f o r  tun ing  t h e  RFG. 

3.12.- Waveguide s h a l l  be used throughout t h e  high-power RF 
pa th  and i n  bo th  r e c e i v e  pa ths  from t h e  p o l a r i z e r s  t o  t h e  i npu t  t o  t h e  
an tenna  p a t t e r n  s e l e c t o r .  The e n t i r e  t r a n s m i t t e r  RF system s h a l l  wi ths tand  
wi thout  damage a  test  t o  be performed by t h e  c o n t r a c t o r  of 1.5 megawatts 

.I a t  0.002 duty  c y c l e  w i th  a VSWR of a t  least 1 .5 : l  a t  normal a tmospheric  
p r e s s u r e  and s h a l l  have a normal power handl ing  capac i ty  of a t  least 1.25 
megawatt peak a t  0.002 duty  cyc le .  The t o t a l  i n s e r t i o n  l o s s  of a l l  

+ components i n  t he  t r a n s m i t t e r  s i g n a l  pa th  from t h e  RF ou tpu t  tube  connector  
through t h e  h igh  power d i p l e x e r  (3.13.1) s h a l l  no t  exceed 1.4 dB. A l l  
components s h a l l  have an  o u t s i d e  p r o t e c t i v e  coa t ing  t o  i nc rease  t h e i r  
r e s i s t a n c e  t o  co r ros ion .  Standard WR-284 waveguide s h a l l  be used through- 
o u t  t h e  system. The e n t i r e  RF system, inc luding  t h e  an tenna ,  s h a l l  be 
capable  of being p r e s s u r i z e d  t o  5  PSIG. I n t e g r i t y  of t h e  seals s h a l l  
p revent  a r a t e  of p r e s s u r e  dec rease  i n  exces s  of 0.5 PSI i n  24 hours ,  
s t a r t i n g  from a p re s su re  of 3 PSIG. 

3.12.1 Waveguide c i r c u l a t o r . -  The duplexer  i n  each t r a n s m i t t e r  s h a l l  
employ a high-power f o u r  po r t  f e r r i t e  waveguide c i r c u l a t o r .  The c i r c u l a t o r  
s h a l l  i s o l a t e  t h e  ou tpu t  tube t o  t h e  e x t e n t  r equ i r ed  t o  i n s u r e  optimum 
spectrum and power ou tput .  Performance of t h e  c i r c u l a t o r  s h a l l  be essen-  
t i a l l y  cons t an t  over  t h e  frequency range of 2.7 t o  2.9 GHz. Po r t  connec- 
t i o n s  s h a l l  be as fo l lows :  Po r t  1 - t r a n s m i t t e r ,  p o r t  2-antenna,  po r t  3 - r e -  
c e i v e r ,  and p o r t  4-dummy load. The VSWR, as measured i n  t h e  forward 
d i r e c t i o n  between any two a d j a c e n t  p o r t s ,  s h a l l  no t  excced 1.15:l over  t h e  
frequency range of 2.7 t o  2.9 GHz. The i s o l a t i o n  between p o r t s  2  and 
1 s h a l l  be a t  least 22 dB over  t h e  frequency range of 2.7 t o  2.9 GHz. The 
i s o l a t i o n  between p o r t s  1 and 3  s h a l l  be a t  l e a s t  20 dB over  t h e  frequency 
range of 2.7 t o  2.9 GHz. The i s o l a t i o n ,  as measured i n  t he  r eve r se  d i r e c t i o n  
between any two a d j a c e n t  p o r t s  no t  p r ev ious ly  s p e c i f i e d ,  s h a l l  be a t  least 
18 dB over  t h e  frequency range of 2.7 t o  2.9 GHz. The i s o l a t i o n ,  VSWR, and 
i n s e r t i o n  l o s s  requi rements  s h a l l  be m e t  under c i r c u i t  impedance cond i t i ons  
equa l  t o  t h e  o p e r a t i n g  cond i t i ons  a c t u a l l y  encountered i n  t h e  r a d a r  system. 
The c i r c u l a t o r  s h a l l  have no movable o r  a d j u s t a b l e  p a r t s  and s h a l l  no t  
r e q u i r e  fo rced  a i r  o r  water cool ing.  The c i r c u l a t o r  s h a l l  be equipped wi th  
an  e x t e r n a l  dummy load which i s  p rope r ly  matched t o  t he  c i r c u l a t o r .  The 
dummy load s h a l l  be capable  of d i s s i p a t i n g  t h e  f u l l  s p e c i f i e d  t r a n s m i t t e r  
power ou tpu t  wi thout  damage f o r  a time d u r a t i o n  of 30 seconds. 

3.12.2 F l e x i b l e  waveguide.- A f l e x i b l e  s e c t i o n  of waveguide s h a l l  be pro- 
vided between t h e  ou tpu t  t ube  and t h e  waveguide system t o  prevent  mechanical 
s t r a i n  on t h e  ou tpu t  tube  connector.  

3.12.3 D i r e c t i o n a l  coup le r s , -  Permanently i n s t a l l e d  waveguide d i r e c t i o n a l  
coup le r s  s h a l l  be provided as necessary  t o  make t h e  fo l lowing  measurements 
at t h e  p o i n t s  i nd i ca t ed :  
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( a )  Forward and r e v e r s e  power on a n t e n n a  s i d e  of h i g h  power d i p l e x e r .  

( b )  Forward and r e v e r s e  power between h igh  power d i p l e x e r  and 
c i r c u l a t o r  i n  e a c h  channel .  

( c )  Main ( low beam) r e c e i v e r  s e n s i t i v i t y  and n o i s e  f i g u r e  w i t h  c o u p l e r ( s )  
i n s t a l l e d  between h i g h  power d i p l e x e r  and c i r c u l a t o r .  P r o v i s i o n s  
s h a l l  be i n c l u d e d  f o r  i n j e c t i o n  of a s i g n a l  f rom anS band s i g n a l  
g e n e r a t o r  and a n o i s e  source .  

( d l  Same c a p a b i l i t y  as i n  ( c )  above f o r  p a s s i v e  ( h i g h  beam) r e c e i v e  
p a t h .  The c o u p l e r ( s )  s h a l l  be i n s t a l l e d  on t h e  a n t e n n a  s i d e  of 
t h e  TR d e v i c e .  

The degree  of coup l ing  i n  a l l  c a s e s  l i s t e d  above s h a l l  be a p p r o p r i a t e  t o  
t h e  in tended  purpose.  C a l i b r a t i o n  c h a r t s  i n d i c a t i n g  t h e  degree  of coup l ing  
f o r  t h e  2700 t o  2900 MHz f requency  band s h a l l  be permanent ly  recorded  on o r  
a d j a c e n t  t o  a l l  c o u p l e r s .  A l l  d i r e c t i o n a l  c o u p l e r s ,  e x c e p t  t h o s e  used f o r  
measurement of r e v e r s e  power, s h a l l  have a minimum d i r e c t i v i t y  of 20 dB. 
Minimum d i r e c t i v i t y  o f  r e v e r s e  power c o u p l e r s  s h a l l  be 27 dB. The VSWR s h a l l  
n o t  exceed 1 . 1 : l ;  i n s e r t i o n  l o s s  s h a l l  n o t  exceed 0.2 dB f o r  any c o u p l e r  
o v e r  t h e  e n t i r e  2700 t o  2900 MHz band. Couple r s  s h a l l  be f u r n i s h e d  w i t h  
Typz N c o a x i a l  j acks .  

3.12.4 Lowpass f i l t e r . -  A lowpass f i l t e r  of t h e  a b s o r p t i o n  t y p e  s h a l l  be 
provided f o r  e a c h  channe l  t o  a t t e n u a t e  r a d i a t e d  harmonic f r e q u e n c i e s .  The 
i n s e r t i o n  l o s s  from 2700 MHz t o  2900 MHz s h a l l  n o t  exceed 0.15 dB and t h e  
VSWR from 2700 MHz t o  2900 MHz s h a l l  n o t  exceed 1.1:l. The a t t e n u a t i o n  a t  
t h e  2nd, 3 r d  and 4 t h  harmonic s h a l l  n o t  be l e s s  t h a n  40 dB, 30 dB and 10 dB, 
r e s p e c t i v e l y .  The a v e r a g e  power h a n d l i n g  c a p a b i l i t y  s h a l l  n o t  be less t h a n  
4  KW. The peak power h a n d l i n g  c a p a b i l i t y  s h a l l  n o t  be less t h a n  1.5 MW. 
I f  p r e s s u r i z a t i o n  of t h e  f i l t e r  i s  r e q u i r e d ,  a permanent ly  i n s t a l l e d  p r e s s u r e  
gauge and a means f o r  r e p l e n i s h i n g  t h e  g a s  supp ly  s h a l l  be provided.  The 
f i l t e r  s h a l l  n o t  r e q u i r e  c o o l i n g  o t h e r  t h a n  convec t ion  and r a d i a t i o n .  The 
f i l t e r  s h a l l  a f f e c t  o n l y  t h e  t r a n s m i t  p a t h .  

3.12.5 Waveguide swi tch . -  Waveguide s w i t c h e s  s h a l l  be provided f o r  each  
channel  t o  s w i t c h  t h e  channe l  between t h e  an tenna  and t h e  RF dummy load.  The 
waveguide s w i t c h e s  and d r i v e  s h a l l  be of rugged c o n s t r u c t i o n ,  s t r o n g ,  and 
r e l i a b l e .  Vane-type s w i t c h i n g  i s  p r o h i b i t e d .  E l e c t r i c a l  and mechanical  
o v e r l o a d  p r o t e c t i o n  s h a l l  be provided f o r  t h e  waveguide swi tches .  I n t e r -  
l o c k s  s h a l l  be i n c o r p o r a t e d  t o  permit  a p p l i c a t i o n  of h i g h  v o l t a g e  o n l y  
when t h e  dummy load  o r  t h e  a n t e n n a  i s  connected t o  t h e  o u t p u t  of t h e  t r a n s -  
m i t t e r  w i t h  t h e  waveguide s w i t c h  a c c u r a t e l y  a l i g n e d  i n  e a c h  of two p o s i t i o n s .  
P o s i t i v e  p o s i t i o n i n g  of t h e  waveguide s w i t c h  s h a l l  be incorpora ted . .  The 
h e a t  d i s s i p a t e d  i n  t h e  RF dummy l o a d s  s h a l l  n o t  c a u s e  mechanical  b ind ing  
of t h e  s w i t c h e s .  The waveguide s w i t c h e s  s h a l l  n o t  r e q u i r e  l u b r i c a t i o n  o r  
r o u t i n e  maintenance more f r e q u e n t l y  t h a n  y e a r l y .  The v o l t a g e  s t a n d i n g  wave 
r a t i o  (VSWR) of t h e  waveguide s w i t c h  s h a l l  n o t  exceed 1.1:l o v e r  t h e  e n t i r e  



-51- FAA- E- 2506 

f requency  range from 2.7 t o  2.9 GHz i n  e i t h e r  ope ra t i ng  pos i t i on .  The - - 
c ros s - coup l ing  a t t e n u a t i o n  ( e l e c t r i c a l  i s o l a t i o n )  of t h e  waveguide switch 
s h a l l  be at l e a s t  70 dB between t h e  two ope ra t i ng  p o s i t i o n s ,  and t h e  
a t t e n u a t i o n  ( i n s e r t i o n  l o s s )  of the  waveguide swi tch  s h a l l  no t  exceed - 
0.1  dB i n  e i t h e r  ope ra t i ng  p o s i t i o n  over  t h e  e n t i r e  f requency range from 
2.7 t o  2.9 GHz. The waveguide swt ich  s h a l l  be i n s t a l l e d  on t h e  antenna 
s i d e  of t h e  c i r c u l a t o r  i n  each  channel s o  t h a t  when t h e  channel i s  taken 

* o f f - l i n e ,  both t he  t r a n s m i t t e r  and the  low beam r ece ive  pa th  are i s o l a t e d  

from t h e  an tenna ,  

. 3.12.6 T ransmi t t e r  RF dummy load.- An RF dummy load capable  of cont inuous ly  
d i s s i p a t i n g  1.5 megawatts peak, 4500 w a t t s  average RF power without  damage 
o r  d e t e r i o r a t i o n  s h a l l  be provided f o r  each channel.  Each RF dummy load 
s h a l l  p r e sen t  a  load impedance such t h a t  t he  v o l t a g e  s t and ing  wave r a t i o  
s h a l l  be cons t an t  and no t  exceed 1.1:l over  t h e  e n t i r e  f requency range of 
2.7 t o  2.9 GHz. Water o r  fo rced  a i r  cool ing  f o r  t h e  dummy load is  prohib i ted .  
P recau t ions  s h a l l  be t aken  f o r  t h e  prevent ion  of ho t  s p o t s  i n  t h e  loads  and 
RE leakage s h a l l  be he ld  t o  a minimum. 

3.12.7 Waveguide.- A l l  waveguide between t h e  antenna assembly and the  equip-  
ment i n  t h e  t r ansmi t  t e r / r e c e i v e r  b u i l d i n g  s h a l l  be provided. Tower h e i g h t s  
w i l l  range between 17 and 77 f e e t .  A l l  suppor t s  f o r  waveguide i n s i d e  t he  
b u i l d i n g  and on the  tower s h a l l  be provided. An en t r ance  s e a l i n g  device 

0 s h a l l  be provided t o  seal the  bu i ld ing  a g a i n s t  a l l  weather cond i t i ons  where 
waveguide and beacon c o a x i a l  cab le  pass  through t h e  w a l l .  F i t t i n g s  and 
s e a l s  s h a l l  be provided t o  p r e s s u r i z e  t h e  e n t i r e  waveguide run. I f  p a r t s  
such as t h e  h igh  power d i p l e x e r  r e q u i r e  i n d i v i d u a l  p r e s s u r i z a t i o n ,  pro- 
v i s i o n s  s h a l l  be made t o  bypass t he se  p a r t s  s o  as t o  main ta in  t h e  o v e r a l l  
system pressure .  

3.13 Dual f requency d i v e r s i t y . -  The equipment s h a l l  be capable  of ope ra t i ng  
both channels  i n t o  t h e  an tenna  s imul taneous ly  i n  a dua l  d i v e r s i t y  mode i n  
a d d i t i o n  t o  t h e  usua l  s i n g l e  channel mode of opera t ion .  To accomplish t h i s ,  
a h igh  power d i p l e x e r  s h a l l  be provided t o  s imul taneous ly  connect t h e  r a d a r  
t r a n s m i t t e r / r e c e i v e r  of  both channels  t o  t h e  main (low beam) antenna  
c i r c u i t ;  a low power d i p l e x e r  s h a l l  l i kewi se  be provided t o  s imultaneously 
connect t h e  r e c e i v e r  of both channels  v i a  t h e  antenna p a t t e r n  e l e c t o r  t o  
t h e  pass ive  (h igh  beam) an tenna  c i r c u i t .  P rov i s ions  s h a l l  be made t o  addi -  
t i v e l y  combine v ideo  r e p l y  s i g n a l s  from both channels ;  t o  proper ly  synchronize 
t h e  two channels ;  t o  permit swi tch ing  of e i t h e r  channel between t h e  antenna 
and a dummy load ,  etc., as s p e c i f i e d  i n  subparagraphs hereunder.  Waveguide 
and o t h e r  swi tch ing  and c o n t r o l  s h a l l  be provided as necessary  t o  o p e r a t e  
i n  e i t h e r  a dua l  d i v e r s i t y  o r  s i n g l e  channel mode. When s i n g l e  channel i s  
s e l e c t e d ,  t h e  standby channel  s h a l l  be te rmina ted  i n t o  a dummy load. 

3.13.1 Hiph power dip1exer . -  The h igh  power d i p l e x e r  s h a l l  permit simul- 
taneous o p e r a t i o n  of both t r a n s m i t t e r / r e c e i v e r s  wi th  a frequency s e p a r a t i o n  
between channels  of 60 MHz o r  more and a t i m e  s e p a r a t i o n  between t h e  pu l se s  
t r a n s m i t t e d  by each channel of no t  more than  1.5 microseconds (3.13.3). 
Opera t ing  c h a r a c t e r i s t i c s  of t h e  d i p l e r e r  s h a l l  be as s p e c i f i e d  below: 
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Tuning F ixed  tuned 

Frequency 2700 t o  2900 MHz 

I n p u t  f r e q u e n c y  s e p a r a t i o n  60 MHz minimum 

Channel i s o l a t i o n  60 dB minimum 

I n s e r t  i o n  l o s s  ( r e c e i v e  o r  t r a n s m i t )  0.5 dB maximum 

VSWR ( r e c e i v e  o r  t r a n s m i t )  1.2:l maximum 

Power c a p a c i t y  1.5 MW peak,  1.5 KW a v e r a g e  
( i n t o  each  p o r t )  

I f  p r e s s u r i z a t i o n  of t h e  d i p l e x e r  i s  r e q u i r e d ,  a permanent ly  i n s t a l l e d  
p r e s s u r e  gauge f o r  moni to r ing  and a means of r e p l e n i s h i n g  t h e  g a s  supp ly  
s h a l l  be f u r n i s h e d .  The d i p l e x e r  s h a l l  be provided w i t h  waveguide f l a n g e s  
which a r e  d i r e c t l y  compat ib le  w i t h  t h e  sys tem waveguide. 

3.13.2 Low power d ip1exer . -  The e l e c t r i c a l  c h a r a c t e r i s t i c s  of t h e  low 
power d i p l e x e r  s h a l l  be a t  l e a s t  e q u a l  t o  t h o s e  of t h e  h i g h  power d i p l e x e r ,  
e x c e p t  t h a t  t h e  power c a p a c i t y  need o n l y  be as r e q u i r e d  t o  o p e r a t e  a t  t h e  
l e v e l s  encounte red  i n  t h e  p a s s i v e ,  r e c e i v e  o n l y  pa th .  

3.13.3 S y n c h r o n i z a t i o n . -  To reduce  t h e  peak power c a p a c i t y  r e q u i r e d  of RF 
system components common t o  b o t h  r a d a r  t r a n s m i t t e r s ,  o p e r a t i o n  of t h e  two 
t r a n s m i t t e r s  s h a l l  be synchron ized  b u t  t i m e  o f f s e t ,  s o  t h a t  one f i r e s  ahead 
of t h e  o t h e r .  I t  s h a l l  be p o s s i b l e  t o  s e l e c t  e i t h e r  of t h e  two channe l s  
a s  t h e  master channe l ;  t h e  o t h e r  channe l  i s  t h e n  t h e  s l a v e .  The m a s t e r  
channel  p r o v i d e s  a l l  n e c e s s a r y  t iming  f o r  t h e  s l a v e  channe l ;  t h e  s l a v e  
channel  t i m i n g  i s  d e l a y e d  as n e c e s s a r y  s o  t h a t  i t s  t r a n s m i t t e r  p u l s e s  l a g  
t h o s e  of t h e  m a s t e r  channel  by 1.5 + 0 . 1  microsecond. P r e - t r i g g e r s  provided 
f o r  s y n c h r o n i z a t i o n  of t h e  r a d a r  beacon, d i s p l a y s  o r  o t h e r  e x t e r n a l  equ ip-  
ment s h a l l  m a i n t a i n  t h e  same t i m e  r e l a t i o n s h i p s  w i t h  r e s p e c t  t o  r a d a r  z e r o  
range  r e g a r d l e s s  of whether  t h e  r a d a r  i s  o p e r a t i n g  i n  d u a l  d i v e r s i t y  o r  a 
s i n g l e  channe 1 mode. 

3.13.4 Video combiner.- Each channe l  s h a l l  i n c l u d e  c i r c u i t r y  t o  s e p a r a t e l y  
combine t h e  MTI and normal v i d e o  s i g n a l s  from t h e  two channe l s .  The combiners 
a s s o c i a t e d  w i t h  t h e  r a d a r  channe l  s e l e c t e d  as master s h a l l  a u t o m a t i c a l l y  
p rov ide  t h e  o u t p u t  v ideo .  The c o m b i n e r s . s h a l 1  r e a l i g n  and a d d i t i v e l y  combine 
t h e  v i d e o  r e p l y  s i g n a l s  from t h e  two c h a n n e l s ,  Video l i m i t i n g  s h a l l  n o t  be 
accomplished u n t i l  a f t e r  t h e  c h a n n e l i z e d  s i g n a l s  are combined. The combiner 
s h a l l  i n c l u d e  p r o v i s i o n s  t o  a u t o m a t i c a l l y  m a i n t a i n  a c o n s t a n t  no i se .  o u t p u t  
and s i g n a l  l i m i t  l e v e l  whether  t h e  sys tem is  o p e r a t i n g  i n  a d i v e r s i t y  o r  
s i n g l e  channe l  mode; l i k e w i s e ,  t h e  p r e - t r i g g e r  t o  r a d a r  z e r o  range t iming  
s h a l l  remain c o n s t a n t  r e g a r d l e s s  of t h e  mode of o p e r a t i o n .  There  s h a l l  be 
no d i s c e r n i b l e  d i f f e r e n c e  i n  o u t p u t  v i d e o  r i s e  t i m e ,  d u r a t i o n ,  f a l l  t ime ,  
o r  j i t t e r  w i t h  r e s p e c t  t o  p r e - t r i g g e r  when o p e r a t i o n  i s  i n  d i v e r s i t y  as 
opposed t o  s i n g l e  channe l  mode. 
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The ou tpu t  from t h e  combiners s h a l l  be l i m i t e d  MTI and Normal v ideo ,  wi th  
t h e  l i m i t  l e v e l s  a d j u s t a b l e  over  a range s u i t a b l e  t o  g ive  a t  l e a s t  a 6:l  
s i g n a l  t o  n o i s e  r a t i o  w i th  normal r e c e i v e r  g a i n  s e t t i n g s .  

3.13.5 Dual d i v e r s i t y  cont ro l . -  S e l e c t i o n  of e i t h e r  dua l  d i v e r s i t y  o r  
s i n g l e  channel o p e r a t i o n  s h a l l  be p o s s i b l e  from t h e  system c o n t r o l  panels .  
When i n  d u a l  d i v e r s i t y ,  t h e  r e c e i v e r  g a i n  and STC s e t t i n g s  of t h e  s l a v e  

C channel s h a l l  au toma t i ca l l y  correspond t o  t he  s e t t i n g s  of t h e  mas te r  
channel ,  and s h a l l  f o l l o w  any changes made t o  t h e  s e t t i n g s  of t h e  mas te r  
channe 1. . 
3.14 Processor  assembly.- The processor  cab ine t  s h a l l  inc lude  t h e  MTI 
c a n c e l l e r s ,  v ideo  enhancer ,  synchronizer ,  MTI log  c i r c u i t r y ,  power s u p p l i e s ,  
e t c . ,  mounted i n  a cab ine t  of t h e  type  s p e c i f i e d  i n  3.18.1. The processor  
assembly s h a l l  perform and be designed i n  accordance wi th  t h e  requirements  
of subparagraphs hereunder  and o t h e r  a p p l i c a b l e  s p e c i f i c a t i o n  requirements .  

3.14.1 Synchronizer . -  The b a s i c  t iming f o r  t h e  T/R equipment, a s  w e l l  as 
t iming f o r  t h e  r a d a r  beacon, d i s p l a y s  and o t h e r  e x t e r n a l  equipment s h a l l  
be de r ived  from a s i n g l e  c r y s t a l  c o n t r o l l e d  clock.  The s t a b i l i t y  of t h i s  
c lock  s h a l l  be as r equ i r ed  t o  r e s u l t  i n  system performance i n  accordance 
w i th  a l l  s p e c i f i e d  requirements .  It s h a l l  be p o s s i b l e  t o  decrease  t h e  
nominal c lock  frequency a t  least 5% i n  1% increments merely by changing 
t h e  c r y s t a l .  

3.14.1.1 PRF s t agge r ing . -  The synchronizer  s h a l l  provide a l l  t iming as 
r equ i r ed  t o  o p e r a t e  t h e  system i n  a  mu l t i - s t agge r  ( 4  o r  more) mode o r  an 
unstaggered mode, e i t h e r  mode t o  be s e l e c t e d  by means of a f r o n t  panel  
switch.  The number of s t a g g e r  pe r iods  and t h e  s t a g g e r  r a t i o s  s h a l l  r e s u l t  i n  
t h e  s p e c i f i e d  MTI system performance (3.14.2.1). The fo l l owing  c o n s t r a i n t s  
apply  i n  s e l e c t i o n  of s t a g g e r  per iods :  

1. Average s taggered  PRF s h a l l  be no t  less than 1030 PBS (a t  nominal 
c lock  ikequency ) . 

2. No per iod  s h a l l  be less than  830 microseconds. 

3. The counted down beacon p r e t r i g g e r  s h a l l  f a l l  w i t h i n  t h e  range of 340 
t o  450 PPS. 

I n  a d d i t i o n ,  t h e  s t a g g e r  pe r iods  and s t a g g e r  sequence should be s e l e c t e d  s o  
as t o  have t h e  least adverse  a f f e c t  on t h e  t ransmi t te r /modula tor  and t o  
f a c i l i t a t e  v ideo  real ignment  (3.14.2). The c o n t r a c t o r  s h a l l  submit h i s  
recommended s t a g g e r  scheme, t o g e t h e r  w i th  d a t a  t o  i n d i c a t e  t h a t  a l l  r equ i r e -  
ments are met, f o r  review and approval  of t h e  c o n t r a c t i n g  o f f i c e r .  S u h i s $ i o n  
s h a l l  be made not  later than  90 days a f t e r  award of c o n t r a c t ;  t h e  Government 
w i l l  respond wi th in  15 working days fo l l owing  r e c e i p t .  

3.14.1.2 T r igge r  requirements . -  The synchronizer  s h a l l  provide a l l  i n t e r n a l  
t iming and t r i g g e r s  as r e q u i r e d  by t h e  equipment des ign ;  i n  a d d i t i o n ,  t h e  
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The ou tpu t  from t h e  combiners s h a l l  be l i m i t e d  MTI and Normal v ideo ,  wi th  
t h e  l i m i t  l e v e l s  a d j u s t a b l e  over  a range s u i t a b l e  t o  g ive  a t  l e a s t  a 6:l  
s i g n a l  t o  n o i s e  r a t i o  w i th  normal r e c e i v e r  g a i n  s e t t i n g s .  

3.13.5 Dual d i v e r s i t y  cont ro l . -  S e l e c t i o n  of e i t h e r  dua l  d i v e r s i t y  o r  
s i n g l e  channel o p e r a t i o n  s h a l l  be p o s s i b l e  from t h e  system c o n t r o l  panels .  
When i n  d u a l  d i v e r s i t y ,  t h e  r e c e i v e r  g a i n  and STC s e t t i n g s  of t h e  s l a v e  

C channel s h a l l  au toma t i ca l l y  correspond t o  t he  s e t t i n g s  of t h e  mas te r  
channel ,  and s h a l l  f o l l o w  any changes made t o  t h e  s e t t i n g s  of t h e  mas te r  
channe 1. . 
3.14 Processor  assembly.- The processor  cab ine t  s h a l l  inc lude  t h e  MTI 
c a n c e l l e r s ,  v ideo  enhancer ,  synchronizer ,  MTI log  c i r c u i t r y ,  power s u p p l i e s ,  
e t c . ,  mounted i n  a cab ine t  of t h e  type  s p e c i f i e d  i n  3.18.1. The processor  
assembly s h a l l  perform and be designed i n  accordance wi th  t h e  requirements  
of subparagraphs hereunder  and o t h e r  a p p l i c a b l e  s p e c i f i c a t i o n  requirements .  

3.14.1 Synchronizer . -  The b a s i c  t iming f o r  t h e  T/R equipment, a s  w e l l  as 
t iming f o r  t h e  r a d a r  beacon, d i s p l a y s  and o t h e r  e x t e r n a l  equipment s h a l l  
be de r ived  from a s i n g l e  c r y s t a l  c o n t r o l l e d  clock.  The s t a b i l i t y  of t h i s  
c lock  s h a l l  be as r equ i r ed  t o  r e s u l t  i n  system performance i n  accordance 
w i th  a l l  s p e c i f i e d  requirements .  It s h a l l  be p o s s i b l e  t o  decrease  t h e  
nominal c lock  frequency a t  least 5% i n  1% increments merely by changing 
t h e  c r y s t a l .  

3.14.1.1 PRF s t agge r ing . -  The synchronizer  s h a l l  provide a l l  t iming as 
r equ i r ed  t o  o p e r a t e  t h e  system i n  a  mu l t i - s t agge r  ( 4  o r  more) mode o r  an 
unstaggered mode, e i t h e r  mode t o  be s e l e c t e d  by means of a f r o n t  panel  
switch.  The number of s t a g g e r  pe r iods  and t h e  s t a g g e r  r a t i o s  s h a l l  r e s u l t  i n  
t h e  s p e c i f i e d  MTI system performance (3.14.2.1). The fo l l owing  c o n s t r a i n t s  
apply  i n  s e l e c t i o n  of s t a g g e r  per iods :  

1. Average s taggered  PRF s h a l l  be no t  less than 1030 PBS (a t  nominal 
c lock  ikequency ) . 

2. No per iod  s h a l l  be less than  830 microseconds. 

3. The counted down beacon p r e t r i g g e r  s h a l l  f a l l  w i t h i n  t h e  range of 340 
t o  450 PPS. 

I n  a d d i t i o n ,  t h e  s t a g g e r  pe r iods  and s t a g g e r  sequence should be s e l e c t e d  s o  
as t o  have t h e  least adverse  a f f e c t  on t h e  t ransmi t te r /modula tor  and t o  
f a c i l i t a t e  v ideo  real ignment  (3.14.2). The c o n t r a c t o r  s h a l l  submit h i s  
recommended s t a g g e r  scheme, t o g e t h e r  w i th  d a t a  t o  i n d i c a t e  t h a t  a l l  r equ i r e -  
ments are met, f o r  review and approval  of t h e  c o n t r a c t i n g  o f f i c e r .  S u h i s $ i o n  
s h a l l  be made not  later than  90 days a f t e r  award of c o n t r a c t ;  t h e  Government 
w i l l  respond wi th in  15 working days fo l l owing  r e c e i p t .  

3.14.1.2 T r igge r  requirements . -  The synchronizer  s h a l l  provide a l l  i n t e r n a l  
t iming and t r i g g e r s  as r e q u i r e d  by t h e  equipment des ign ;  i n  a d d i t i o n ,  t h e  



3.14.1.2.5 Counted down beacon p r e t r i g g e r . -  The a l i g n e d  p r e t r i g g e r s  
s p e c i f i e d  i n  3.14.1.2.4 s h a l l  be counted down as n e c e s s a r y  t o  be w i t h i n  
t h e  range  of 340 t o  450 PPS. T h i s  t r i g g e r  s h a l l  be a v a i l a b l e  f o r  use  i n  
s y n c h r o n i z i n g  t h e  beacon i n t e r r o g a t o r  t o  t h e  r a d a r .  

3.14.1.3 M a s t e r / s l a v e  s y n c h r o n i z a t i o n . -  I n  both  t h e  s i n g l e  channe l  and d u a l  
d i v e r s i t y  modes of o p e r a t i o n ,  s y n c h r o n i z a t i o n  of t h e  sys tem s h a l l  be i n  a 

m 
m a s t e r / s l a v e  manner. I n  t h e  s i n g l e  channe l  mode, t h e  s y n c h r o n i z e r  of t h e  
o p e r a t i n g  ( m a s t e r )  channe l  s h a l l  p r o v i d e  a l l  s y n c h r o n i z a t i o n  f o r  bo th  r a d a r  
c h a n n e l s  and f o r  t h e , a s s o c i a t e d  e x t e r n a l  equipment ( r a d a r  beacon, d i s p l a y s ,  

.* e t c . ) .  A maintenance c o n t r o l  s h a l l  be p rov ided  t o  pe rmi t  s y n c h r o n i z a t i o n  
of t h e  s t andby  ( s l a v e )  channe l  from i t s  own s y n c h r o n i z e r ;  t h i s  c o n t r o l  
s h a l l  be i n t e r l o c k e d ,  however, s o  t h a t  i t  i s  d i s a b l e d  when t h e  s tandby 
channe l  t r a n s m i t t e r  i s  r a d i a t i n g .  I n  t h e  d u a l  d i v e r s i t y  mode, synchron iza -  
t i o n  s h a l l  be as s p e c i f i e d  i n  3.13.3, w i t h  t h e  channe l  whose t r a n s m i t t e r  
i s  f i r s t  e n e r g i z e d  becoming t h e  m a s t e r  channel .  A maintenance c o n t r o l  
s h a l l  be p rov ided  t o  a l l o w  s e l e c t i o n  of e i t h e r  channel  as t h e  master channe l  
once b o t h  channe l s  are on t h e  a n t e n n a  and t r a n s m i t t e r  v o l t a g e  a p p l i e d .  

3.14.2 Moving t a r g e t  i n d i c a t o r  (MTI).- A moving t a r g e t  i n d i c a t o r  (MTI) 
sys tem s h a l l  be p rov ided  w i t h  e a c h  channe l .  The MTI system s h a l l  be of t h e  
c o h e r e n t  t y p e ,  employing a coheren t  f r e q u e n c y  r e f e r e n c e ,  l i m i t i n g  t y p e  
r e c e i v e r ,  and d i g i t a l  c a n c e l l e r s . ,  V e l o c i t y  response  of t h e  MTI system is  
enhanced through o p e r a t i o n  on a s t a g g e r e d  PRF; however, r ea l ignment  of a l l  
v i d e o s  s h a l l  be accomplished s o  t h a t  t h e  beacon, d i s p l a y s ,  mappers, e t c . ,  
can o p e r a t e  a t  a n  uns taggered  PRF. Realignment must have a dynamic range 
of a t  l e a s t  30 dB, u t i l i z i n g  5 b i t s ,  i f  performed j u s t  p r i o r  t o  t h e  v i d e o  
o u t p u t ,  and 9 b i t s  minimum i f  performed p r i o r  t o  c a n c e l l a t i o n .  

3.14.2.1 System MTI performance.-  The complete T/R system s h a l l  be des igned  
and f a b r i c a t e d  i n  such  a manner as t o  produce MTI performance as s p e c i f i e d  
be low : 

MTI improvement f a c t o r  * K T  3 4  dB 

System s u b c l u t t e r  v i s i b i l i t y  (SCV) 

*NLT - Not l e s s  t h a n  

The s t a g g e r e d  o p e r a t i o n  s h a l l  r e s u l t  i n  a f i r s t  MTI b l i n d  speed of n o t  less 
t h a n  800 k n o t s ,  w i t h  no d i p s  o r  n u l l s  i n ' t h e  v e l o c i t y  r e s p o n s e  i n  e x c e s s  of 
10 dB measured peak- to-peak a t  any v e l o c i t y  less t h a n  t h e  f i r s t  b l i n d  speed.  

3.14.2.2 MTI c a n c e l l e r  c h a r a c t e r i s t i c s . -  The c a n c e l l a t i o n  sys tem s h a l l  be - 
comprised o f  a double  c a n c e l l e r  w i t h  feedback.  Each c a n c e l l e r  s h a l l  p r o v i d e  
s u f f i c i e n t  s t o r a g e  f o r  60 miles of MTI. The range  b i n  wid th  of t h e  c a n c e l l e r  
s h a l l  n o t  exceed 80% of t h e  sys tem p u l s e  wid th ,  The b i p o l a r  v i d e o  from t h e  
phase d e t e c t o r  s h a l l  be q u a n t i z e d  i n t o  n o t  less t h a n  one s i g n  b i t  and e i g h t '  
a m p l i t u d e  b i t s .  Timing j i t t e r  between t h e  t r a n s m i t t e d  RF p u l s e  and t h e  
r e f e r e n c e  t r i g g e r  used by t h e  c a n c e l l e r s  s h a l l  n o t  exceed 5 nanoseconds.  
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3.14.2.3 Video c a n c e l l a t i o n  r a t i o .  - The v ideo  c a n c e l l a t i o n  r a t i o  of each of 
t h e  s i n g l e  c a n c e l l a t i o n  systems of t h e  cascade double and shaped c a n c e l l a t i o n  
system s h a l l  be no t  l e s s  than  40 dB ( u s i n g  optimum speed moving t a r g e t s  of 
t h e  t e s t  pu l se  g e n e r a t o r  s p e c i f i e d  i n  3.14.2.12). The t o t a l  o v e r a l l  v ideo  
c a n c e l l a t i o n  r a t i o  of t h e  cascade double and shaped c a n c e l l a t i o n  system 
s h a l l  be no t  less than  t h e  maximum dynamic range of t h e  equipment i n  dB. 
The video s u b c l u t t e r  v i s i b i l i t y  of each of t h e  s i n g l e  c a n c e l l a t i o n  systems 
of t h e  c a s c a d e  double  and shaped c a n c e l l a t i o n  system s h a l l  not  be less than 
35 dB (wi th  superimposed optimum speed moving t a r g e t s  double t h e  f i x e d  t a r g e t  
r e s idue  ampl i tude) .  

3.14.2.4 Ope ra t iona l  modes.- The MTI system s h a l l  provide f o r  s e l e c t i o n  of 
t h e  fo l lowing  modes of ope ra t i on :  

( a )  Opera t ion  u t i l i z i n g  e i t h e r  one of t h e  two c a n c e l l e r s .  

( b )  Opera t ion  u t i l i z i n g  both c a n c e l l e r s  i n  cascade without  feedback. 

( C) Opera t ion  u t i l i z i n g  both c a n c e l l e r s  i n  cascade wi th  feedbacks 
provid ing  f o u r  d i f f e r e n t  degrees  of v e l o c i t y  response shaping. 

3.14.2.5 S e l e c t o r  switch.-  The s e l e c t i o n  of d i f f e r e n t  modes of ope ra t i on  - 
s h a l l  be made by means of a  maintenance s e l e c t o r  switch without r equ i r ing  
read jus tments  t o  t he  system i n  each p o s i t i o n  of opera t ion .  

3.14.2.6 Feedback loops.-  There s h a l l  be a minimum of 2 feedback loops i n  t h e  
cascade c a n c e l l a t i o n  system f o r  accomplishing v e l o c i t y  response shaping. The 
g a i n  of t h e  feedback loops s h a l l  remain cons tan t  over  t h e  s e r v i c e  cond i t i ons  
t o  prevent  o s c i l l a t i o n .  

3.14.2.7 SCV l i m i t a t i o n  s e l e c t o r  switch.-  Four d i f f e r e n t  v e l o c i t y  shapes 
s h a l l  be made a v a i l a b l e  by means of a maintenance s e l e c t o r  switch. Veloc i ty-  
shaped c a n c e l l a t i o n  s h a l l  be incorpora ted  s o  t h a t  t h e  l i m i t a t i o n  on s u b c l u t t e r  
v i s i b i l i t y  due t o  scanning c l u t t e r  a lone  w i l l  be g r e a t e r  than 25, 30, 35, and 
40 dB f o r  antenna r o t a t i o n  of 12.5 rpm, provided t h e  proper  v e l o c i t y  shape 
i s  se l ec t ed .  

3.14.2.8 Adjustment.- The c a n c e l l a t i o n  systems s h a l l  no t  r e q u i r e  adjustment  
liioie f r equen t  l y  than weekly. 

3.14.2.9 Output s i g n a 1 c h a r a c t e r i s t i c s . -  The output  of t he  MTI channel s h a l l  
be l i n e a r  MTI v ideo ,  a d j u s t a b l e  t o  provide a t  least a 6 : l  s i gna l - t o -no i se  
r a t i o  wi th  normal r e c e i v e r  g a i n  s e t t i n g s .  A t  l e a s t  two i s o l a t e d  75 ohm MTI 
video ou tpu t s  s h a l l  be provided. 

3.14.2.10 Output s i g n a l  f i d e l i t y . -  A l l  u n i t s  s h a l l  be we l l  s h i e l a e d  and 
f i l t e r e d  t o  prevent  r ipple,  i n t e r £  e r ence ,  o r  modulation from e n t e r i n g  t h e  
c r i t i c a l  c i r c u i t r y  of t h e  MTI equipment. No humps, v ideo  r i n g i n g ,  o r  base 
l i n e  modulations s h a l l  be p re sen t  on MTI v ideo  output  even wi th  advancement 
of g a i n  c o n t r o l s  beyond normal l e v e l s .  With t h e  antenna s topped,  t h e r e  s h a l l  



be no jumping of u n c a n c e l l e d  r e s i d u e .  MTI r e s i d u e  and MTI v i d e o  l i m i t  
l e v e l  s h a l l  n o t  change w i t h  t h e  advancement of MTI I F  g a i n  c o n t r o l  beyond 
normal o p e r a t i n g  p o s i t i o n .  Coherent b i - p o l a r  v i d e o  s h a l l  n o t  unbalance 
w i t h  MTI I F  g a i n  c o n t r o l  a d j u s t m e n t s .  No I F  a m p l i f i e r  s a t u r a t i n g  charac -  
t e r i s t i c s  s h a l l  e x i s t  t o  produce dead a r e a s  f o l l o w i n g  s t r o n g  c l u t t e r  r e t u r n s .  
No p a r a s i t i c  o s c i l l a t i o n s  o r  i n s t a b i l i t i e s  s h a l l  e x i s t  i n  t h e  equipment 

a w i t h  any p o s i t i o n  of t h e  g a i n  and maintenance a l ignment  c o n t r o l s .  

3.14.2.11 B u i l t - i n  t e s t  equipment (BITE).- D i g i t a l  BITE s h a l l  be provided 
t o  check t h e  l o g i c  and s t o r a g e  f u n c t i o n  of t h e  d i g i t a l  MTI, i n c l u d i n g  t h e  

s 

means f o r  checking t h e  v e l o c i t y  response .  

3.14.2.12 Video test p u l s e  g e n e r a t o r . -  A b u i l t - i n  v i d e o  test p u l s e  g e n e r -  - 
a t o r  s h a l l  be i n c l u d e d  f o r  i n s t a n t a n e o u s  v i d e o - c a n c e l l a t i o n  measurements 
d u r i n g  t h e  dead t ime p e r i o d .  Negat ive  and p o s i t i v e  f i x e d  t a r g e t s  and 
optimum speed moving t a r g e t s  s h a l l  be s i m u l a t e d  by t h e  test  g e n e r a t o r .  

3.14.3 Video enhancer . -  A d i g i t a l  v i d e o  s i g n a l  enhancer  s h a l l  be i n c o r -  
p o r a t e d  i n  e a c h  normal channel  and MTI channel  of t h e  d u a l  channe l  r a d a r  
system. Loca l  and remote s e l e c t o r  s w i t c h e s  s h a l l  be p rov ided  w i t h  e a c h  
enhancer  i n  o r d e r  t h a t  normal o r  MTI may be o b t a i n e d  w i t h  o r  wi thou t  
enhancement. The v i d e o  enhancer  s h a l l  p rov ide  d e s i r e d  s i g n a l  enhancement 
and i n t e r f e r e n c e  r e d u c t i o n .  Video enhancement of 20 dB minimum s h a l l  be 
p rov ided ,  Adjustment s h a l l  be provided t o  m a i n t a i n  t h e  same n o i s e  l e v e l  
when t h e  enhancer  i s  t u r n e d  on and o f f .  There  s h a l l  be no e v i d e n c e  of t h e  
c i r c u i t r y  going i n t o  o s c i l l a t i o n  due t o  l a r g e  b locks  of c l u t t e r  r e t u r n .  

3.14.3.1 Feedback.- The memory f o r  each  range c e l l  s h a l l  c o n t a i n  t h e  sum 
of t h e  most r e c e n t  echo  s i g n a l  and a f r a c t i o n  of t h e  p r i o r  v a l u e  f o r  t h e  
same echo. The feedback  f a c t o r  s h a l l  be between t h e  l i m i t s  0.85 and 0.95. 
The e x a c t  f eedback  f a c t o r  s h a l l  be s e l e c t e d  t o  p rov ide  optimum performance 
w i t h  t h e  average  number of h i t s  a v a i l a b l e  p e r  beamwidth of t h e  a n t e n n a  
w h i l e  r o t a t i n g  a t  12.5 rpm. 

3.14.3,2 I n p u t  l i m i t e r . -  The i n p u t  s i g n a l  s h a l l  be l i m i t e d  approx imate ly  
6-10 dB above RMS n o i s e  l e v e l  i n  o r d e r  t o  p reven t  a s i n g l e  s t r o n g  i n t e r -  
f e r e n c e  p u l s e  from producing a d e t e c t a b l e  o u t p u t  from t h e  i n t e g r a t o r .  To 
minimize t h e  d e g r a d a t i o n  of d e t e c t a b i l i t y  of d e s i r e d  t a r g e t s ,  t h e  i n p u t  
dynamic range s h a l l  be as l a r g e  as p o s s i b l e ,  c o n s i s t e n t  w i t h  t h e  r e j e c t i o n  
of s i n g l e  p u l s e  i n t e r f  e rence .  

3.14.3.3 Output  l i m i t e r . -  The b u i l d u p  of s i g n a l  i n  t h e  i n t e g r a t o r  memory 
s h a l l  be l i m i t e d  i n  o r d e r  t o  minimize t h e  azimuth smear caused by s t r o n g  
t a r g e t s  and t h e  e x p o n e n t i a l  decay c h a r a c t e r i s t i c s  of t h e  i n t e g r a t o r .  The 
dynamic range  a t  t h e  o u t p u t  s h a l l  p r o v i d e  optimum c o n t r a s t  f o r  a PPI d i s -  
p lay .  

3.14.3.4 Bottom c l i p p e r . -  The v i d e o  f rom t h e  i n t e g r a t o r  s h a l l  be compat ible  
w i t h  a m p l i f i e r s  which u t i l i z e  DC r e s t o r e r s ,  I n  o r d e r  t o  p rov ide  a p r e d i c -  
t a b l e  b a s e l i n e ,  t h e  i n t e g r a t o r  s h a l l  i n c l u d e  a bottom c l i p p e r .  A number 
s h a l l  be s u b t r a c t e d  from t h e  v a l u e  i n  t h e  i n t e g r a t o r  memory which,  i n  t h e  
p resence  of sys tem n o i s e ,  w i l l  produce a n e g a t i v e  r e s u l t  approx imate ly  
10% of t h e  t ime;  a l l  n e g a t i v e  r e s u l t s  s h a l l  be conver ted  t o  z e r o .  



3.14.4 Range/azimuth g a t e  g e n e r a t o r  (RAG).- A s e p a r a t e  dev ice  s h a l l  be 
f u r n i s h e d  wi th  each channel t o  g e n e r a t e  programmable azimuth/range 
windows, azimuth g a t e s ,  o r  range g a t e s  and perform o t h e r  f u n c t i o n s  as 
o u t  1 ined be low : 

a. Gat ing of e i t h e r  of two v ideo  s i g n a l s  t o  one ou tput  l i n e  
du r ing  any one of t h e  programmable range/azimuth windows. 

b. Outputs  f o r  antenna beam swi tch ing .  

c. Outputs  f o r  c o n t r o l  of t h e  no i se  s i g n a l  gene ra to r .  

d. Azimuth s t r o b e  ou tpu t s .  

e .  Delayed, ga t ed  t r i g g e r .  

f .  Azimuth g a t i n g  of s tagger /non-s tagger  ope ra t i on .  

3.14.4.1 Range/azimuth g a t e  gene ra to r  synchroniza t ion . -  Range-dependent - 
f u n c t i o n s  of t h e  RAG s h a l l  be synchronous wi th  t h e  f i r i n g  of t h e  channel 
t r a n s m i t t e r .  The range counter  s h a l l  be capable  of being r e s e t  t o  a 
nega t ive  range e q u i v a l e n t  t o  t h e  t i m e  between p r e t r i g g e r  and t h e  time of 
occur rence  of an  ou tput  t a r g e t  at ze ro  range. The least s i g n i f i c a n t  b i t  
of t h e  range counter  s h a l l  be 1/16 n a u t i c a l  m i l e  o r  less; t h e  maximum 
count s h a l l  be a t  l e a s t  equ iva l en t  t o  t he  range from p r e t r i g g e r  t ime t o  
60 n a u t i c a l  miles a f t e r  ze ro  range.  Azimuth-dependent f u n c t i o n s  of t h e  
RAG s h a l l  be synchronous wi th  t h e  APG d a t a  rece ived  from t h e  antenna. 
The azimuth counter  s h a l l  be a 12 b i t  counter  capable  of being reset t o  
any count from ze ro  t o  4095 upon sens ing  of an ARP from t h e  antenna.  
The l e a s t  s i g n i f i c a n t  b i t  s h a l l  be 1 ACP. Frequency and s t a b i l i t y  of 
t h e  range counter  s h a l l  be a s  r equ i r ed  t o  i n s u r e  system performance i n  
accordance w i t h  a l l  s p e c i f i e d  requi rements ;  f o r  example, t h e r e  s h a l l  be 
no ev idence  of swi tch ing  t r a n s i e n t s ,  u n c a n c e l l a t i o n ,  o r  o t h e r  adverse 
e f f e c t s  i n  t h e  ou tput  v ideos  a s  a r e s u l t  of swi tch ing  from high t o  low 
beam as c o n t r o l l e d  by t h e  RAG. The azimuth counter  ou tpu t  s h a l l  be 
sampled only  du r ing  r a d a r  dead t i m e  ( t ime  from 60 n a u t i c a l  mi l e s  t o  
t h e  next p r e t r i g g e r ) .  

3.14.4.2 Video g a t i n g . -  The RAG s h a l l  provide f o r  s e l e c t i o n  of one of two 
video s i g n a l s  on a  range/azimuth b a s i s .  One v ideo  s h a l l  be s e l e c t e d  from 
zero  range ou t  t o  t h e  d e s i r e d  swi tch  p o i n t ,  where t h e  o t h e r  v ideo  s h a l l  be 
s e l e c t e d  on o u t  t o  60 n a u t i c a l  m i l e s .   the RAG s h a l l  have t h e  c a p a b i l i t y  
of gene ra t i ng  n o t  less than  20 such range/azimuth windows beginning a t  
ze ro  range and a d j o i n i n g  i n  azimuth. I n  a d d i t i o n ,  t h e  c a p a b i l i t y  s h a l l  be 
provided t o  g e n e r a t e  no t  less than  10 i s o l a t e d  windows. An e x t r a  i s o l a t e d  
75 ohm (nominal) ou tpu t  s h a l l  be provided a t  an  ampli tude of a t  least *5 VDC. 
The g a t i n g  u n i t  s h a l l  normally s e l e c t  between MTI and normal v ideo;  however, 
i t  s h a l l  be p o s s i b l e  t o  c a b l e  pa tch  o t h e r  v ideos  i n t o  t h e  g a t i n g  u n i t .  A 
maintenance swi tch  s h a l l  be provided t o  s e l e c t  e i t h e r  t h e  ga t ed  v ideo  o r  
MTI v ideo  f o r  remoting. 



3.14.4 Range/azimuth g a t e  g e n e r a t o r  (RAG).- A s e p a r a t e  dev ice  s h a l l  be 
f u r n i s h e d  wi th  each channel t o  g e n e r a t e  programmable azimuth/range 
windows, azimuth g a t e s ,  o r  range g a t e s  and perform o t h e r  f u n c t i o n s  as 
o u t  1 ined be low : 

a. Gat ing of e i t h e r  of two v ideo  s i g n a l s  t o  one ou tput  l i n e  
du r ing  any one of t h e  programmable range/azimuth windows. 

b. Outputs  f o r  antenna beam swi tch ing .  

c. Outputs  f o r  c o n t r o l  of t h e  no i se  s i g n a l  gene ra to r .  

d. Azimuth s t r o b e  ou tpu t s .  

e .  Delayed, ga t ed  t r i g g e r .  

f .  Azimuth g a t i n g  of s tagger /non-s tagger  ope ra t i on .  

3.14.4.1 Range/azimuth g a t e  gene ra to r  synchroniza t ion . -  Range-dependent - 
f u n c t i o n s  of t h e  RAG s h a l l  be synchronous wi th  t h e  f i r i n g  of t h e  channel 
t r a n s m i t t e r .  The range counter  s h a l l  be capable  of being r e s e t  t o  a 
nega t ive  range e q u i v a l e n t  t o  t h e  t i m e  between p r e t r i g g e r  and t h e  time of 
occur rence  of an  ou tput  t a r g e t  at ze ro  range. The least s i g n i f i c a n t  b i t  
of t h e  range counter  s h a l l  be 1/16 n a u t i c a l  m i l e  o r  less; t h e  maximum 
count s h a l l  be a t  l e a s t  equ iva l en t  t o  t he  range from p r e t r i g g e r  t ime t o  
60 n a u t i c a l  miles a f t e r  ze ro  range.  Azimuth-dependent f u n c t i o n s  of t h e  
RAG s h a l l  be synchronous wi th  t h e  APG d a t a  rece ived  from t h e  antenna. 
The azimuth counter  s h a l l  be a 12 b i t  counter  capable  of being reset t o  
any count from ze ro  t o  4095 upon sens ing  of an ARP from t h e  antenna.  
The l e a s t  s i g n i f i c a n t  b i t  s h a l l  be 1 ACP. Frequency and s t a b i l i t y  of 
t h e  range counter  s h a l l  be a s  r equ i r ed  t o  i n s u r e  system performance i n  
accordance w i t h  a l l  s p e c i f i e d  requi rements ;  f o r  example, t h e r e  s h a l l  be 
no ev idence  of swi tch ing  t r a n s i e n t s ,  u n c a n c e l l a t i o n ,  o r  o t h e r  adverse 
e f f e c t s  i n  t h e  ou tput  v ideos  a s  a r e s u l t  of swi tch ing  from high t o  low 
beam as c o n t r o l l e d  by t h e  RAG. The azimuth counter  ou tpu t  s h a l l  be 
sampled only  du r ing  r a d a r  dead t i m e  ( t ime  from 60 n a u t i c a l  mi l e s  t o  
t h e  next p r e t r i g g e r ) .  

3.14.4.2 Video g a t i n g . -  The RAG s h a l l  provide f o r  s e l e c t i o n  of one of two 
video s i g n a l s  on a  range/azimuth b a s i s .  One v ideo  s h a l l  be s e l e c t e d  from 
zero  range ou t  t o  t h e  d e s i r e d  swi tch  p o i n t ,  where t h e  o t h e r  v ideo  s h a l l  be 
s e l e c t e d  on o u t  t o  60 n a u t i c a l  m i l e s .   the RAG s h a l l  have t h e  c a p a b i l i t y  
of gene ra t i ng  n o t  less than  20 such range/azimuth windows beginning a t  
ze ro  range and a d j o i n i n g  i n  azimuth. I n  a d d i t i o n ,  t h e  c a p a b i l i t y  s h a l l  be 
provided t o  g e n e r a t e  no t  less than  10 i s o l a t e d  windows. An e x t r a  i s o l a t e d  
75 ohm (nominal) ou tpu t  s h a l l  be provided a t  an  ampli tude of a t  least *5 VDC. 
The g a t i n g  u n i t  s h a l l  normally s e l e c t  between MTI and normal v ideo;  however, 
i t  s h a l l  be p o s s i b l e  t o  c a b l e  pa tch  o t h e r  v ideos  i n t o  t h e  g a t i n g  u n i t .  A 
maintenance swi tch  s h a l l  be provided t o  s e l e c t  e i t h e r  t h e  ga t ed  v ideo  o r  
MTI v ideo  f o r  remoting. 



FAA-E- 2506 -60- 

3.15 System c o n t r o l  and i n t e r f a c e . -  A s i n g l e  cab ine t  of t h e  type  s p e c i f i e d  
i n  3.18.1 s h a l l  be provided t o  house a l l  T/R subsystem c o n t r o l  and i n t e r f a c e  
c i r c u i t r y .  This  i nc ludes ,  but i s  not  l i m i t e d  t o ,  system c o n t r o l  c i r c u i t r y  
and a s s o c i a t e d  DC power s u p p l i e s ,  channel  s e l e c t i o n  c i r c u i t r y ,  v ideo  and 
t r i g g e r  l i n e  d r i v e r s ,  azimuth d a t a  l i n e  d r i v e r s  and v ideo  i s o l a t i o n  ampli-  
f i e r s .  A w a l l  mounted Radar Cable J u n c t i o n  Box (RCJB) s h a l l  be provided as 
a  s i n g l e  common junc t ion  po in t  between t h e  c o n t r o l  and i n t e r f a c e  cab ine t  
and t h e  remoting equipment ( l a n d  l i n e s  o r  microwave l i n k ) .  An i d e n t i c a l  
j unc t ion  box s h a l l  be provided f o r  i n s t a l l a t i o n  a t  t he  remote s i t e  as an 
i n t e r f a c e  po in t  between t h e  remoting equipment and t h e  remote s i t e  u n i t s  
of t h e  T/R subsystem, a s  we l l  as a s s o c i a t e d  equipments (beacon processor ,  
f o r  example). 

3.15.1 System con t ro l . -  I n  a d d i t i o n  t o  complete l o c a l  c o n t r o l ,  p rov i s ion  
s h a l l  be made f o r  p a r t i a l  c o n t r o l  of t h e  system from one o r  more p o i n t s  
a t  t h e  remote s i t e .  S t a t u s  i n d i c a t o r s  ( readback f u n c t i o n s )  s h a l l  be 
provided t o  enab le  o p e r a t o r s  a t  t h e  remote s i te  t o  monitor t h e  cond i t i on  
of t h e  system. A l l  remoted c o n t r o l s  and readbacks s h a l l  be b inary  i n  
n a t u r e ,  and s h a l l  ope ra t e  s a t i s f a c t o r i l y  over  any l eng th  of #22 AWG 
mul t i -conductor  cab l e  up t o  a maximum of 20,000 f e e t .  De ta i l ed  c o n t r o l  
system requirements  a r e  s p e c i f i e d  i n  subparagraphs hereunder.  

3.15.1.1 Po in t  of con t ro l . -  It s h a l l  be p o s s i b l e  t o  des igna t e  e i t h e r  of 
two c o n t r o l  pane ls  a t  t he  remote s i t e  o r  a similar panel  a t  t h e  T/R s i t e  
a s  t h e  po in t -o f  system con t ro l .  .Fou r  i d e n t i c a l  c o n t r o l  pane ls  (boxes) s h a l l  
be provided;  two f o r  i n s t a l l a t i o n  at t h e  remote s i t e ;  one f o r  l o c a l  c o n t r o l  
of t h e  system and t h e  f o u r t h  t o  be used as an i n s t a l l e d  spa re  a t  t h e  l o c a l  
s i te .  Each c o n t r o l  panel  s h a l l  inc lude  momentary swi tches  f o r  t ak ing  o r  
r e l i n q u i s h i n g  c o n t r o l  of t h e  system. The t r a n s f e r  of c o n t r o l  from any one 
of t h e  t h r e e  a c t i v e  c o n t r o l  boxes t o  ano the r  s h a l l  r e q u i r e  t h e  d e l i b e r a t e  
ardsimultaneous a c t i o n  of two p a r t i e s ;  one depress ing  t h e  "Release Control"  
pushbutton on t h e  box i n  c o n t r o l ;  t h e  o t h e r  depress ing  t h e  "Take Control"  
pushbutton on t h e  box t o  which c o n t r o l  i s  t o  be t r a n s f e r r e d .  An aud ib l e  
s i g n a l  s h a l l  sound a t  a l l  t h r e e  a c t i v e  c o n t r o l  boxes du r ing  t h e  t i m e  t h a t  
t h e  "Release Control"  bu t ton  i s  depressed.  The system s t a t u s  s h a l l  remain 
unchanged du r ing  and subsequent t o  a c o n t r o l  po in t  t r a n s f e r  u n t i l  some 
change is  made a t  t h e  new c o n t r o l  po in t .  I n d i c a t o r  l i g h t s  on each c o n t r o l  
panel  s h a l l  i n d i c a t e  whether t h a t  panel  ha s  o r  does no t  have c o n t r o l  of t h e  
system. 

3.15.1.2 On-l ine con t ro l . -  Both channels  may be placed on l i n e ,  ope ra t i ng  
i n  a  dua l  d i v e r s i t y  mode. I n  t h i s  mode,. system c o n t r o l  (except  f o r  primary 
power c o n t r o l )  r e s i d e s  e n t i r e l y  i n  t h e  c o n t r o l  panel  des igna ted  as t h e  po in t  
of c o n t r o l .  Synchroniza t ion  f o r  both channels  s h a l l  be provided by t h e  
mas te r  channel ;  l i kewi se ,  t h e  r e c e i v e r  g a i n  of t h e  mas te r  channel s h a l l  
determine the  g a i n  of t h e  s l a v e .  E i t h e r  channel may be des igna ted  as t h e  
mas te r  channel ,  wi th  t h e  o t h e r  being s l aved  t o  it. The master channel s h a l l  
be t he  one t o  which h igh  v o l t a g e  i s  f i r s t  app l i ed ;  l o s s  of h igh  v o l t a g e  on 
t h e  mas te r  channel s h a l l  cause t h e  mas t e r / s l ave  des igna t ion  t o  change 
channe 1 s . 



3.15.1.3 O f f - l i n e  con t ro l . -  S ing le -channel  ope ra t i on ,  wi th  t he  i n a c t i v e  
channel t e rmina ted  i n t o  a dummy load ,  s h a l l  be p o s s i b l e  f o r  maintenance of 
t h e  system. P lac ing  a channel i n  o f f - l i n e  s t a t u s  s h a l l  au toma t i ca l l y  
remove t r a n s m i t t e r  h igh  v o l t a g e  and swi tch  t h e  channel t o  dummy load. 
It s h a l l  be p o s s i b l e  t o  r e s t o r e  h igh  v o l t a g e  t o  t h e  o f f - l i n e  channel from 
t h e  des igna ted  c o n t r o l  po in t  u n l e s s  i t  is  i n  maintenance s t a t u s  as desc r ibed  
below. A "Maintenance" swi tch  s h a l l  be provided a t  t h e  l o c a l  s i t e  f o r  each 
channel.  The f u n c t i o n  of t h i s  swi tch  i s  t o  t r a n s f e r  complete c o n t r o l  of 

.I t h e  o f f - l i n e  channel t o  the  l o c a l  s i te.  The maintenance c o n t r o l  s h a l l  
p revent  s e l e c t i o n  of t h e  o f f - l i n e  channel from t h e  remote s i t e ;  conversely,  
o p e r a t i o n  of t h e  maintenance swi tch  s h a l l  have no a f f e c t  on a  channel 
u n l e s s  it has  f i r s t  been taken  o f f - l i n e .  A channel i n  maintenance s t a t u s  
s h a l l  be c o n t r o l l e d  by c o n t r o l s  l oca t ed  on t h e  i nd iv idua l  equipment 
cab ine t s .  

3.15.1.4 Control  s i g n a l  c h a r a c t e r i s t i c s . -  The r a d a r  system c o n t r o l  c i r c u i t  
des ign  s h a l l  employ ground s i g n a l s  o r  open c i r c u i t  s i g n a l s  a s  s p e c i f i e d  
h e r e i n  t o  accomplish a l l  system c o n t r o l  and readback func t ions .  Each con- 
t r o l  and readback f u n c t i o n  s h a l l  have a  spa re  i s o l a t e d  s i n g l e  po le  double 
throw (SPDT) switching c a p a b i l i t y  a s s o c i a t e d  t he rewi th  and t h e  t h r e e  swi tch  
p o i n t s  s h a l l  be te rmina ted  on t h e  cab ine t  t e rmina l  s t r i p s .  

3.15.1.5 Control  f u n c t i o n s , -  A c o n t r o l  f u n c t i o n  s h a l l  be i n i t i a t e d  by 

0 
apply ing  a momentary ground s i g n a l  t o  t h e  app rop r i a t e  c o n t r o l  connection. 
A momentary ground i s  def ined  a s  a  s i g n a l  having a  d u r a t i o n  equa l  t o  o r  
g r e a t e r  than 0.01 second. The maximum c u r r e n t  t h a t  s h a l l  be allowed t o  
f low dur ing  the  ground s i g n a l  s h a l l  be 100 mil l iamperes .  The maximum 
open c i r c u i t  v o l t a g e  t h a t  can appear  on any c o n t r o l  f u n c t i o n  connect ion 
p o i n t  s h a l l  be l i m i t e d  t o  24 v o l t s  and i t  s h a l l  be a p o s i t i v e  DC vo l tage .  
A c o n t r o l  f u n c t i o n  s h a l l  c o n t r o l  a  readback f u n c t i o n  only  on an  i n d i r e c t  
b a s i s  a s  a  r e s u l t  of an executed c o n t r o l  func t ion .  

3.15.1.6 Readback func t ion . -  A readback f u n c t i o n  s h a l l  au toma t i ca l l y  be 
i n i t i a t e d  a s  a  r e s u l t  of a c o n t r o l  being i n i t i a t e d  and executed o r  by some - 
o t h e r  s p e c i f i e d  au tomat ic  f u n c t i o n  such as a  system alarm, i n t e r l o c k ,  e t c .  
A readback f u n c t i o n  i s  a ground s i g n a l  app l i ed  t o  t h e  a p p r o p r i a t e  readback 
f u n c t i o n  connect ion and i t s  d u r a t i o n  s h a l l  be c o n t r o l l e d  by t h e  d u r a t i o n  of 
and t h e  s t a t u s  of t h e  f u n c t i o n  being monitored. The readback f u n c t i o n  s i g n a l  
swi tch ing  c i r c u i t  s h a l l  be r a t e d  t o  handle  1 ampere a t  24 v o l t s  DC. The 
maximum open c i r c u i t  v o l t a g e  t h a t  can appear  on any readback c o n t r o l  f u n c t i o n  
connect ion po in t  s h a l l  be l i m i t e d  t o  24 v o l t s  and i t  s h a l l  be a p o s i t i v e  DC 
vo l t age .  Ext ra  c o n t a c t s  s p e c i f i e d  i n  3.15.1.4 s h a l l  be connected t o  t he  
r a d a r  cab l e  j unc t ion  box and s h a l l  be used f o r  readback between the  remote 
and l o c a l  s i t e .  Any and a l l  energ ized  readback f u n c t i o n s  s h a l l  appear  on 
a l l  t h r e e  a c t i v e  c o n t r o l  panels .  

3.15.1.7 Common system con t ro l s . -  Common system c o n t r o l s  s h a l l  be provided 
f o r  t h e  fo l lowing  func t ions .  Control  i n i t i a t i o n  and readback s t a t u s  d i s p l a y  
s h a l l  be combined i n t o  c o n t r o l  swi tches  similar and equa l  i n  f u n c t i o n  and 
appearance t o  Micro Switch S e r i e s  2C200. Sepa ra t e  readback s t a t u s  d i s p l a y s  



3.15.1.3 O f f - l i n e  con t ro l . -  S ing le -channel  ope ra t i on ,  wi th  t he  i n a c t i v e  
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below. A "Maintenance" swi tch  s h a l l  be provided a t  t h e  l o c a l  s i t e  f o r  each 
channel.  The f u n c t i o n  of t h i s  swi tch  i s  t o  t r a n s f e r  complete c o n t r o l  of 

.I t h e  o f f - l i n e  channel t o  the  l o c a l  s i te.  The maintenance c o n t r o l  s h a l l  
p revent  s e l e c t i o n  of t h e  o f f - l i n e  channel from t h e  remote s i t e ;  conversely,  
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h e r e i n  t o  accomplish a l l  system c o n t r o l  and readback func t ions .  Each con- 
t r o l  and readback f u n c t i o n  s h a l l  have a  spa re  i s o l a t e d  s i n g l e  po le  double 
throw (SPDT) switching c a p a b i l i t y  a s s o c i a t e d  t he rewi th  and t h e  t h r e e  swi tch  
p o i n t s  s h a l l  be te rmina ted  on t h e  cab ine t  t e rmina l  s t r i p s .  

3.15.1.5 Control  f u n c t i o n s , -  A c o n t r o l  f u n c t i o n  s h a l l  be i n i t i a t e d  by 
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apply ing  a momentary ground s i g n a l  t o  t h e  app rop r i a t e  c o n t r o l  connection. 
A momentary ground i s  def ined  a s  a  s i g n a l  having a  d u r a t i o n  equa l  t o  o r  
g r e a t e r  than 0.01 second. The maximum c u r r e n t  t h a t  s h a l l  be allowed t o  
f low dur ing  the  ground s i g n a l  s h a l l  be 100 mil l iamperes .  The maximum 
open c i r c u i t  v o l t a g e  t h a t  can appear  on any c o n t r o l  f u n c t i o n  connect ion 
p o i n t  s h a l l  be l i m i t e d  t o  24 v o l t s  and i t  s h a l l  be a p o s i t i v e  DC vo l tage .  
A c o n t r o l  f u n c t i o n  s h a l l  c o n t r o l  a  readback f u n c t i o n  only  on an  i n d i r e c t  
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3.15.1.6 Readback func t ion . -  A readback f u n c t i o n  s h a l l  au toma t i ca l l y  be 
i n i t i a t e d  a s  a  r e s u l t  of a c o n t r o l  being i n i t i a t e d  and executed o r  by some - 
o t h e r  s p e c i f i e d  au tomat ic  f u n c t i o n  such as a  system alarm, i n t e r l o c k ,  e t c .  
A readback f u n c t i o n  i s  a ground s i g n a l  app l i ed  t o  t h e  a p p r o p r i a t e  readback 
f u n c t i o n  connect ion and i t s  d u r a t i o n  s h a l l  be c o n t r o l l e d  by t h e  d u r a t i o n  of 
and t h e  s t a t u s  of t h e  f u n c t i o n  being monitored. The readback f u n c t i o n  s i g n a l  
swi tch ing  c i r c u i t  s h a l l  be r a t e d  t o  handle  1 ampere a t  24 v o l t s  DC. The 
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Funct ion Control  Read back 

25. Weather Background Normal 2  X X 

26. Weather Background Normal 3  X X 

27. Spare 

28. Spare 

3.15.1.9 System c o n t r o l  panels . -  Four i d e n t i c a l  system c o n t r o l  pane ls  
s h a l l  be provided. ,Two of t h e  panels  are f o r  i n s t a l l a t i o n  a t  t he  remote 
s i te ;  of t h e  remaining two pane ls ,  one s h a l l  be i n s t a l l e d  i n  t h e  c o n t r o l  
and i n t e r f a c e  assembly (3.15) f o r  l o c a l  c o n t r o l  of t h e  system, wi th  t h e  
f o u r t h  panel  i n s t a l l e d  as a spa re  i n  t h e  c o n t r o l  and i n t e r f a c e  assembly 
ad j acen t  t o  t h e  a c t i v e  panel.  The pane ls  s h a l l  be designed f o r  f l u s h  
mounting and s h a l l  i nc lude  a d u s t  cover t o  p r o t e c t  a l l  w i r ing ,  e t c .  The 
dimensions of each p a n e l s h a l l  no t  exceed 12 inches  i n  wid th ,  16 inches  i n  
he igh t  and 6 inches i n  depth. A l l  e x t e r n a l  connect ions t o  t h e  pane ls  s h a l l  
be by means of qu ick-d isconnec t  jacks and plugs.  Each panel  s h a l l  be com- 
p l e t e  wi th  a s i n g l e  phase DC power supply t o  power background and readback 
s t a t u s  l i g h t s .  Each power supply s h a l l  be i n d i v i d u a l l y  c o n t r o l l e d  and s h a l l  
provide p o s i t i v e  DC v o l t a g e s  not  t o  exceed 24V. P rov i s ion  s h a l l  be made f o r  
a d j u s t i n g  t h e  power supply ou tput  v o l t a g e  o r  t o  o therwise  c o n t r o l  t h e  
v o l t a g e  a c r o s s  t h e  i n d i c a t o r  lamps on t h e  c o n t r o l  box from t h e i r  f u l l  r a t e d  
v o l t a g e  down t o  approximately one - th i rd  t h e  r a t e d  vo l t age .  Regulat ion and 
r i p p l e  s h a l l  be a s  r equ i r ed  t o  i n s u r e  normal system o p e r a t i o n  over  t h e  range 
of s e r v i c e  cond i t i ons .  

3.15.1.10 Control  power supp l i e s . -  Two independent modular DC power s u p p l i e s  
s h a l l  be provided f o r  o p e r a t i o n  of a l l  system c o n t r o l  c i r c u i t r y  o t h e r  than 
readback lamps on t h e  c o n t r o l  boxes. The c o n t r o l  v o l t a g e  s h a l l  be p o s i t i v e ,  
and not  i n  excess  of 24 v o l t s .  The two power supp l i e s  s h a l l  be s imultaneously 
connected t o  t h e  c o n t r o l  c i r c u i t r y  supply bus through d isconnec t  diodes.  The 
ou tpu t  v o l t a g e  of each  power supply s h a l l  be sensed,  wi th  f a i l u r e  being 
i n d i c a t e d  by a s t a t u s  l i g h t .  Except f o r  r e g u l a t i o n  and r i p p l e ,  t h e  c o n t r o l  
v o l t a g e  power s u p p l i e s  s h a l l  be i n  accordance wi th  a l l  requirements  of 
3.17.1.8 and subpaaagraphs,  as w e l l  as a l l  o t h e r  a p p l i c a b l e  s p e c i f i c a t i o n  
requirements .  Regula t ion  and r i p p l e  s h a l l  be as r equ i r ed  t o  i n su re  normal 
system o p e r a t i o n  over  t h e  range of t h e  s e r v i c e  condi t ions .  Each power supply 
s h a l l  be of s u f f i c i e n t  capac i ty  t o  handle  t h e  f u l l  system load over  t h e  range 
of s e r v i c e  condi t ions .  

3.15.1.11 A l a r m  c o n t r o l s . -  A l a r m  c o n t r o l s  s h a l l  be provided i n  each r a d a r  
channel t o  r e p o r t ,  as a minimum, the  alarms s p e c i f i e d  below. Where t h e  
des ign  inc ludes  o t h e r  f u n c t i o n s  t h a t  l o g i c a l l y  should be r epo r t ed ,  t h e s e  
a d d i t i o n a l  alarms s h a l l  be included.  

1. Transmi t t e r  Overvol tage 

2. T ransmi t t e r  Undervoltage 

3 .  Transmi t te r  Overcurrent  
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27. Spare 
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connect t h e  beacon ou tpu t  v ideo  t o  t h e  remoting system. A l l  c o a x i a l  j acks  
s h a l l  be i n s t a l l e d  on a  pane l  which can be e i t h e r  grounded o r  ungrounded a s  
t h e  requirements  of a s s o c i a t e d  equipments may d i c t a t e .  A b a r r i e r  t e rmina l  
s t r i p  (one each 20 t e r m i n a l )  s h a l l  be provided t o  accommodate beacon c o n t r o l  
w i r ing ;  t e rmina l  s t r i p s ,  as r equ i r ed ,  s h a l l  a l s o  be provided f o r  t h e  i n t e r -  
communications system wir ing .  

3.15.2.2 Radar ou tpu t  s i g n a l s . -  For land l i n e  remoting, normal v ideo  and 
r a d a r  p r e - t r i g g e r  s h a l l  be combined s o  a s  t o  permit remoting over  a s i n g l e  
coax ia l  c ab l e ,  MTI v ideo  s h a l l  be remoted on a second l i n e .  Dual channel 
l i n e  d r i v e r s  (3.15.2.3.1) s h a l l  be provided t o  i n t e r f a c e  t h e  r a d a r  with 
t h e  coax ia l  remoting l i n e s .  For  microwave l i n k  remoting, t h e  r a d a r  s h a l l  
provide s e p a r a t e  i s o l a t e d  ou tpu t s  of normal v ideo ,  MTI v ideo  and r a d a r  
p r e t r i g g e r .  For  synch ron iza t ion  of t h e  r a d a r  beacon, t h e  r a d a r  s h a l l  
provide a counted-down r a d a r  p r e t r i g g e r  (3.14.1.2.5) and a n  a l i gned  ze ro  
range t r i g g e r  (3.14.1.2.31. A l l  of t h e  above s i g n a l s  s h a l l  be rou ted  t o  
t h e  R C J B  v i a  t h e  Cont ro l  and I n t e r f a c e  Assembly. I n  t h e  case  of s i n g l e  
channel o p e r a t i o n ,  t h e  Cont ro l  and I n t e r f a c e  Assembly s h a l l  s e l e c t  t h e  
s i g n a l s  from t h e  a c t i v e  channel a s  ou tput  s i g n a l s ;  i n  t h e  case  of dua l  
d i v e r s i t y  ope ra t i on ,  t h e  ou tput  s i g n a l s  s h a l l  come from t h e  mas te r  
channel.  I n  a d d i t i o n  t o  t h e  ou tpu t  s i g n a l s  rou ted  t o  t h e  RCJB, t h e  
Control  and I n t e r f a c e  Assembly s h a l l  inc lude  i s o l a t e d  ou tput  jacks as 
r equ i r ed  t o  f u l l y  monitor  system o p e r a t i o n  by use of t h e  maintenance PPI. 
S i g n a l s  from both of t h e  dua l  antenna azimuth p o s i t i o n  d a t a  systems 
(3.8.9.1) s h a l l  be remoted, w i t h . t h e  c a p a b i l i t y  t o  s e l e c t  e i t h e r  system 
provided a t  t h e  remote s i te .  l s o l a t e d  ou tpu t s  of antenna azimuth p o s i t i o n  

' d a t a  s h a l l  be provided a t  t h e  c o n t r o l  and i n t e r f a c e  assembly and a t  each 
channel p rocessor  assembly f o r  use by t h e  maintenance PPI. 

3.15.2.2.1 Output s i g n a l  c h a r a c t e r i s t i c s . -  C h a r a c t e r i s t i c s  of a l l  r ada r  
ou tput  s i g n a l s ,  a s  measured at t h e  Cont ro l  and I n t e r f a c e  Assembly a c r o s s  
75 ohms t e rmina t ion  s h a l l  be as fo l lows :  

Videos 

Rise Time *NMT 0.1 microsecond 

Decay Time NMT 0.1 microsecond 

Overshoot-undershoot NMT 10% 

Droop (200 microsecond pu l se )  NMT 10% 

Durat ion ( i s o l a t e d  t a r g e t )  0.6 2 0.1 microsecond 

Amplitude - Adjus tab le ,  2  t o  8V pos i tdve  

Base l i n e  r e f e r ence  

J i t t e r  ( r e f e r enced  t o  a l i gned  
p r e - t r i g g e r )  

0  t;. 0.2 VDC - 

NMT 0.05 microsecond 
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3.15.2.3.1 Line d r i v e r . -  The v ideo  l i n e  d r i v e r  s h a l l  combine t h e  normal 
v ideo  and r a d a r  p r e - t r i g g e r  i n t o  a composite,  p o s i t i v e  going s i g n a l  and 
provide a m p l i f i c a t i o n  a s  necessary  t o  d r i v e  up t o  20,000 f e e t  of 75 ohm 
coax ia l  cab le .  The r a t i o  of t r i g g e r  ampli tude t o  v ideo  ampli tude s h a l l  
be a t  least 3:l t o  a l l ow  s e p a r a t i o n  of t he  two a t  t h e  remote s i te  on an 
ampli tude bas i s .  A s e p a r a t e  l i n e  d r i v e r  channel s h a l l  be provided t o  
amplify t h e  MTI v ideo  as r equ i r ed  t o  d r i v e  a  second 75 ohm 20,000 f o o t  
c o a x i a l  cab le .  The l i n e  d r i v e r s  s h a l l  be i n s t a l l e d  i n  t h e  c o n t r o l  and 
i n t e r f a c e  assembly. For  s i n g l e  r a d a r  channel ope ra t i on ,  t h e  l i n e  d r i v e r  
i n  use  s h a l l  be t h e  one a s s o c i a t e d  w i th  t h e  a c t i v e  r a d a r  channel ;  f o r  
dua l  d i v e r s i t y  o p e r a t i o n ,  t h e  l i n e  d r i v e r  i n  use  s h a l l  be t h e  one 
a s s o c i a t e d  w i th  t h e  mas te r  r a d a r  channel.  The output  ampli tude of t h e  
l i n e  d r i v e r s  s h a l l  be a d j u s t a b l e  from a minimum of 2.0 v o l t s  up t o  t h a t  
l e v e l  r equ i r ed  t o  meet performance requirements  a t  t he  end of 20,000 f e e t  
of 75 ohm coax ia l  cable .  Video remoting cab l e s  w i l l  be e l e c t r i c a l l y  - - equa l  t o  
RG-216/U. 

3.15.2.3.2 Line compensator.- The l i n e  compensators s h a l l  be i n s t a l l e d  
a t  t h e  remote s i te  and provide i n t e r f a c e  between the  remoting c a b l e s  and 
t h e  remote s i te  equipment ( d i s p l a y s ,  v ideo  mappers, e t c . ) .  The input  of 
t h e  two l i n e  compensators may be p a r a l l e l e d  a c r o s s  t h e  remoting cab l e s ,  
provided t h a t  t h e  c a b l e s  are proper ly  terminated and t h a t  f a u l t s  i n  t h e  
input  c i r c u i t r y  of one compensator do n o t  a f f e c t  o p e r a t i o n  of t h e  o t h e r  
compensator. P rov i s ion  s h a l l  be made t o  swi t ch - se l ec t  t he  ou tput  of 
e i t h e r  l i n e  compensator. Each l i n e  compensator-amplif ier  s h a l l  s e p a r a t e  
t h e  normal v ideo  and t r i g g e r  and provide two i s o l a t e d  o u t p u t s  f o r  each,  
as wel l  as f o r  t h e  MTI video.  The l i n e  compensators s h a l l  provide l i n e  
e q u a l i z a t i o n  and a m p l i f i c a t i o n  as r equ i r ed  t o  r e s t o r e  t h e  ou tput  s i g n a l s  
t o  t he  c h a r a c t e r i s t i c s  l i s t e d  i n  3.15.2.2.1 f o r  any l eng th  of 75 ohm 
coax ia l  remoting cab l e  up t o  20,000 f e e t .  The l i n e  compensator-amplif ier  
s h a l l  provide a minimum of 30 dB of common mode r e j e c t i o n .  One set of 
o u t p u t s  from each l i n e  compensator-amplif ier  (normal v ideo ,  MTI v ideo ,  
a l i gned  p r e - t r i g g e r )  s h a l l  be rou ted  t o  a s e l e c t o r  swi tch  which s h a l l  
s e l e c t  one o r  t h e  o t h e r  l i n e  compensator-amplif ier  as t h e  a c t i v e  u n i t .  
The s e l e c t e d  v ideos  and t r i g g e r  s h a l l  be rou ted  t o  a v i d e o - t r i g g e r  d i s t r i -  
bu t ion  assembly. The second s e t  of o u t p u t s  from each l i n e  compensator- 
a m p l i f i e r  s h a l l  be rou ted  t o  a second s e l e c t o r  swi tch  which w i l l  s e l e c t  one 
o r  t h e  o t h e r  l i n e  compensator-amplif ier  as t h e  s i g n a l  source  f o r  a main- 
tenance PPI d i sp l ay .  There s h a l l  be no evidence of i n t e r a c t i o n  between 
t h e  two l i n e  compensator-amplif iers ,  o r  between t h e  two sets of i s o l a t e d  
o u t p u t s  on each l i n e  compensator-amplif ier ,  r ega rd l e s s  of t h e  s t a t u s  of 
e i t h e r  s e l e c t o r  switch. It s h a l l  be poqs ib le  t o  p h y s i c a l l y  remove t h e  
unse l ec t ed  l i n e  compensator a m p l i f i e r  from t h e  equipment rack  f o r  s e r v i c i n g  
without  a f f e c t i n g  system ope ra t i on ;  h o ~ e v e r ,  maintenance f e a t u r e s  s h a l l  be 
provided as r equ i r ed  t o  perform a l l  r o u t i n e  maintenance wi th  t he  u n i t  i n s t a l l e d .  

3.15.2.3.3 V ideo / t r i gge r  d i s t r i b u t i o n  assembly.- Th i s  u n i t  s h a l l  a ccep t  
t h e  v ideo  and t r i g g e r  s i g n a l s  from t h e  s e l e c t e d  l i n e  compensator a m p l i f i e r  
and provide m u l t i p l e  ou tpu t s  f o r  use by e x t e r n a l  equipment. Video d i s t r i -  
bu t ion  s h a l l  be s e p a r a t e  from t r i g g e r  d i s t r i b u t i o n .  Four v ideo  d i s t r i b u t i o n  
a m p l i f i e r  modules s h a l l  be br idged a c r o s s  t h e  v ideo  output  l i n e s  from t h e  
l i n e  compensator-amplif ier  s e l e c t o r  switch. Space s h a l l  be provided f o r  



two a d d i t i o n a l  modules. The input  impedance of t h e  v ideo  d i s t r i b u t i o n  
a m p l i f i e r  modules s h a l l  be s u f f i c i e n t  t h a t  up t o  two modules can be added 
o r  removed from t h e  b a s i c  complement of f o u r  without  apparen t  change i n  
t h e  ou tpu t  s i g n a l s  from t h e  i n s t a l l e d  modules. Each v ideo  d i s t r i b u t i o n  
a m p l i f i e r  module s h a l l  provide v a r i a b l e  a m p l i f i c a t i o n  as r equ i r ed  t o  
produce 2  V p o s i t i v e  MTI and normal v ideo  of the  q u a l i t y  s p e c i f i e d  i n  
3.15.2.2.1 a t  t h e  end of any l eng th  of RG-59 o r  equa l  coax ia l  c ab l e  up 
t o  a  maximum of 300 f e e t .  Four t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r  modules, 
each provid ing  two i s o l a t e d  t r i g g e r  o u t p u t s ,  s h a l l  be br idged a c r o s s  
t he  t r i g g e r  ou tput  l i n e  from t h e  l i n e  compensator-amplif ier  s e l e c t o r  
switch.  Space s h a l l  be provided f o r  two a d d i t i o n a l  modules; t h e  input  
impedance of t he  t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r  modules s h a l l  meet t h e  
same c r i t e r i a  a s  t h a t  of the  v ideo  d i s t r i b u t i o n  a m p l i f i e r  modules. The 
t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r  modules s h a l l  produce t r i g g e r s  a s  s p e c i f i e d  
i n  3.15.2.2.1 a t  t he  end of 300 f e e t  of RG-59 coax ia l  cab le  o r  equa l .  A 
ga in  c o n t r o l  i s  no t  r equ i r ed  on the  t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r s .  
There s h a l l  be no evidence of c ros s  coupl ing between t h e  normal and MTI 
v ideo  s i g n a l s ,  o r  between t h e  v ideos  and t h e  t r i g g e r .  Both t h e  v ideo  
and t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r s  s h a l l  provide s u f f i c i e n t  i s o l a t i o n  
t h a t  improper t e rmina t ions ,  ranging from a s h o r t  t o  an  open c i r c u i t ,  on 
one o r  more ou tpu t s  w i l l  not  cause damage t o  t h e  moduleGs) s o  te rmina ted ,  
o r  be r e f l e c t e d  i n  t h e  o u t p u t s  of t he  remaining modules. 

3.15.2.3.4 Azimuth d a t a  pu l se  ampl i f i e r . -  Two each azimuth d a t a  pu lse  
a m p l i f i e r s  s h a l l  be provided and i n s t a l l e d  i n  t he  Control  and I n t e r f a c e  
Assembly. Each azimuth d a t a  pu lse  a m p l i f i e r  s h a l l  a ccep t  t he  ACP and 
ARP s i g n a l s  from one of t h e  dua l  Azimuth Pu l se  Generator  6APG) u n i t s  
(3.8.9.3) and provide two i s o l a t e d  o u t p u t s  of each s i g n a l .  One ACP/ARP 
ou tpu t  set s h a l l  be shaped and ampl i f ied  a s  r equ i r ed  f o r  rernoting up t o  
20,000 f e e t  over  sh i e lded  tw i s t ed  p a i r  No. 19 AWG cab le .  The output  l e v e l  
s h a l l  be a d j u s t a b l e  from a  minimum of 1V up t o  t h a t  l e v e l  requi red  by t h e  
maximum remoting d i s t a n c e .  The second ACP/ARP output  set from each ampli-  
f i e r  s h a l l  be shaped and ampl i f i ed  a s  s p e c i f i e d  i n  3.15.2.2.1 t o  provide 
azimuth synchroniza t ion  f o r  t h e  maintenance monitor a t  t h e  l o c a l  s i t e .  
P rov i s ion  s h a l l  be made w i t h i n  t h e  Cont ro l  and I n t e r f a c e  Assembly f o r  
manually pa tch ing  e i t h e r  a m p l i f i e r  t o  t he  va r ious  p o i n t s  r equ i r ed  a t  t he  
l o c a l  s i te .  

3.15.2.3,5 Azimuth d a t a  pu l se  shaper  a m p l i f i e r s .  - Two each  azimuth d a t a  
pu l se  shaper  a m p l i f i e r s  s h a l l  be provided f o r  i n s t a l l a t i o n  a t  t he  remote 
s i te .  Each a m p l i f i e r  s h a l l  a ccep t  t h e  remoted ACP/ARP d a t a  from a  s e p a r a t e  
set of remoting l i n e s  and amplify and shape t h e  d a t a  t o  produce t h e  cha rac t e  r- 
i s t i c s  s p e c i f i e d  i n  3.15.2.2.1. Two sets of i s o l a t e d  ou tpu t s  s h a l l  be pro- 
vided on each  pu l se  shaper  a m p l i f i e r .  One ACP/ARP set from each pulse  
shaper  a m p l i f i e r  s h a l l  be rou ted  t o  a s e l e c t o r  swi tch  which s h a l l  s e l e c t  
one o r  the  o t h e r  a m p l i f i e r  f o r  synchroniza t ion  of t h e  system. The second 
s e t  of ou tput  d a t a  from each a m p l i f i e r  s h a l l  be rou ted  t o  a second s e l e c t o r  
swi tch  which s h a l l  s e l e c t  one o r  t h e  o t h e r  a m p l i f i e r  f o r  synchroniza t ion  
of a PPI maintenance monitor .  The ACP/ARP d a t a  s e l e c t e d  f o r  system synchro- 
n i z a t i o n  s h a l l  be rou ted  t o  a d i s t r i b u t i o n  a m p l i f i e r  assembly. 
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3.15.2.3.6 Azimuth d a t a  d i s t r i b u t i o n  a m p l i f i e r  assembly.-  T h i s  assembly 
s h a l l  a c c e p t  t h e  s e l e c t e d  ACP and ARP d a t a  and p rov ide  i s o l a t i o n  and ampl i -  
f i c a t i o n  as r e q u i r e d  t o  produce d a t a  as s p e c i f i e d  i n  3.15.2.2.1 a t  t h e  end 
of any l e n g t h  o f  RG-59 o r  e q u a l  up t o  a maximum of 300 f e e t .  Four d i s t r i -  
b u t i o n  a m p l i f i e r  modules,  e a c h  w i t h  two i s o l a t e d  ACPIARP o u t p u t s  s h a l l  be 
b r i d g e d  a c r o s s  t h e  l i n e s  from t h e  s e l e c t o r  swi tch .  The i n p u t  impedance and 
i s o l a t i o n  c h a r a c t e r i s t i c s  of e a c h  module s h a l l  be as s p e c i f i e d  f o r  t h e  
v i d e o  and t r i g g e r  d i s t r i b u t i o n  a m p l i f i e r s  (3.15.2.2.3). 

3.15.2.3.7 Remote s i t e  equipment power s u p p l i e s . -  A l l  remote s i te  equipment 
e x c e p t  t h e  remote c o n t r o l  p a n e l s  (3.15.1.9) s h a l l  be powered by a common, 
d u a l  set of power s u p p l i e s .  The power s u p p l i e s  s h a l l  be c o n f i g u r e d  as 
s p e c i f i e d  f o r  t h e  c o n t r o l  power s u p p l i e s  (3.15.1.10) and i n  a d d i t i o n ,  s h a l l  
be i n  f u l l  compliance w i t h  3.17.1.8 and subparagraphs  e x c e p t  t h a t  t h e y  s h a l l  
o p e r a t e  from a 120V AC s i n g l e  phase s o u r c e .  

3.15.2.3.8 Remote s i t e  equipment c a b i n e t . -  A l l  of t h e  remote s i t e  equipment 
i n c l u d i n g  one system c o n t r o l  p a n e l  (3.15.1.9),  t h e  l i n e  compensa to r -ampl i f i e r s  
(3.15.2.3.2),  t h e  v i d e o l t r i g g e r  d i s t r i b u t i o n  assembly (3.15.2.3.31, t h e  
azimuth d a t a  p u l s e  s h a p e r  a m p l i f i e r s  (3.15.2.3.5),  t h e  azimuth d a t a  d i s t r i -  
b u t i o n  a m p l i f i e r  assembly and t h e  power s u p p l i e s  s h a l l  be i n s t a l l e d  i n  a 
s i n g l e  c a b i n e t  n o t  t o  exceed 22 i n c h e s  i n  width  and d e p t h  and 76 i n c h e s  i n  
h e i g h t .  A l l  e x t e r n a l  c o n n e c t i o n s  t o  t h e  c a b i n e t ,  e x c e p t  f o r  remote c o n t r o l  
w i r i n g ,  s h a l l  be made on a j a c k  pane l  n e a r  t h e  t o p  f r o n t  and a c c e s s i b l e  from 
t h e  f r o n t .  F u l l  a c c e s s  t o  a l l  i n s t a l l e d  u n i t s  f o r  maintenance o r  i n s t a l l a -  
t i o n  s h a l l  be p rov ided  from t h e  f r o n t  of t h e  c a b i n e t ,  s o  t h a t  i t  may be 
i n s t a l l e d  backed a g a i n s t  a w a l l .  

3.15.2.4 Microwave l i n k  remotinq.  - ~ r o v i s i d n s  s h a l l  be made f o r  remotink by 
means of microwave l i n k  i n  l i e u  of o r  i n  a d d i t i o n  t o  t h e  l and  l i n e  remot ing - 
p r e v i o u s l y  s p e c i f i e d .  A s  i n  t h e  c a s e  of l and  l i n e  remot ing,  t h e  p o i n t  of 
i n t e r f a c e  between t h e  r a d a r  sys tem and t h e  microwave l i n k  a t  bo th  t h e  l o c a l  
and remote s i t e s  i s  t h e  RCJB. BNC bulkhead f e e d - t h r o u g h  connec tors  s h a l l  be 
i n s t a l l e d  i n  t h e  l o c a l  s i t e  R C J B  t o  accommodate b o t h  l and  l i n e  and microwave 
l i n k  remot ing of normal,  MTI and beacon v i d e o s  and r a d a r  t r i g g e r .  The 
Cont ro l  and I n t e r f a c e  Assembly s h a l l  p rov ide  i s o l a t e d  o u t p u t s  of normal and 
MTI v i d e o  and a l i g n e d  r a d a r  p r e t r i g g e r  f o r  r o u t i n g  t o  a microwave l i n k  v i a  
t h e  RCJB. The v i d e o  l e v e l s  s h a l l  be a d j u s t a b l e  between 2.0 and 4.0 V p o s i t i v e ;  
t h c  t r i g g e r  ampl i tude  s h a l l  be n o t  l e s s  t h a n  15V p o s i t i v e ,  and need n o t  be 
v s r i a b l e .  No changes  t o  t h e  c o n t r o l  w i r i n g  are n e c e s s a r y  f o r  microwave l i n k  
remot ing.  A t  t h e  remote s i t e ,  p r o v i s i o n  s h a l l  be made t o  f e e d  t h e  v i d e o  and 
t r i g g e r  d i s t r i b u t i o n  a s s e m b l i e s  d i r e c t l y  from t h e  microwave l i n k ,  by-pass ing  
t h e  1 i n e  compensat i n g  and t r i g g e r  separa't i o n  c i r c u i t r y .  

3.16 Maintenance f a c i l i t i e s , -  I n  a d d i t i o n  t o  b u i l t - i n  tes t  equipment and o t h e r  
maintenance f e a t u r e s  s p e c i f i e d  e l s e w h e r e  i n  t h i s  s p e c j . f i c a t i o n ,  t h e  f a c i l i t i e s  
s p e c i f i e d  i n  subparagraphs  he reunder  s h a l l  be provided.  

3.16.1 I n s t r u c t i o n  books.- I n s t r u c t i o n  manuals s h a l l  be p repared  and 
f u r n i s h e d  i n  accordance  w i t h  FAA-D-638 e x c e p t  t h a t  S e c t i o n  12 of t h e  i n s t r u c -  
t i o n  book (3 .25,  FAA-D-638) s h a l l  be f u r n i s h e d  as a s e p a r a t e l y  bound volume 
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t o  be used as a t r o u b l e  shoot ing  manual. This  t r o u b l e  shoot ing  manual 
s h a l l  be i n  accordance w i t h  a l l  requirements  of FAA-D-638 a p p l i c a b l e  t o  
Sec t ion  12 ( p a r t i c u l a r l y  those  of 3.45 and subparagraphs)  and i n  a d d i t i o n  
s h a l l  meet t h e  requirements  s p e c i f i e d  i n  subparagraphs hereunder.  

3.16.1.1 Contents  of t r o u b l e  shoot ing  manual.- The t r o u b l e  shoot ing  manual - 
s h a l l  i nc lude  a l l  m a t e r i a l  r equ i r ed  by 3.45 and subparagraphs of FAA-D-638 
i n  t h e  s p e c i f i e d  formats .  I n  a d d i t i o n ,  it  s h a l l  con ta in  s i m p l i f i e d ,  l a r g e  - s c a l e  diagrams designed t o  f a c i l i t a t e  t h e  r ap id  i s o l a t i o n  of t r o u b l e s  w i th in  
t h e  system. These diagrams s h a l l  i l l u s t r a t e ,  i n  s i m p l i f i e d  form (b lock  
diagrams, l o g i c  diagrams, f o r  example) t h e  complete pa ths  f o r  such s i g n a l s  . as r a d a r  v ideo  and t r i g g e r ,  RF s i g n a l  f low and gene ra t i on ,  e t c .  Compre- 
hens ive  block diagrams showing in t e r connec t ion  of a l l  equipment groups and 
of major subassemblies  w i t h i n  equipment groups s h a l l  be provided,  wi th  
s i g n a l  pa th s  i d e n t i f i e d .  The s i m p l i f i e d  diagrams s h a l l  i nc lude  s u f f i c i e n t  
test p o i n t s  t o g e t h e r  w i th  a p p l i c a b l e  waveforms as are necessary  t o  t r a c e  
s i g n a l s  through the  system and i s o l a t e  t r o u b l e s  t o  a s i n g l e  block. Each 
block s h a l l  be f u l l y  i d e n t i f i e d ,  and s h a l l  inc lude  t h e  page number o r  
f i g u r e  number of t h e  complete schematic.  Sepa ra t e  s i m p l i f i e d  diagrams 
s h a l l  i l l u s t r a t e  AC power d i s t r i b u t i o n ,  DC power d i s t r i b u t i o n ,  c o n t r o l  
c i r c u i t r y ,  meter ing  c i r c u i t r y ,  e t c . ,  and s h a l l  inc lude  a l l  swi t ches ,  f u s e s ,  
c i r c u i t  b reakers  and r e l a y s .  The t r o u b l e  shoot ing  manual s h a l l  be arranged 
i n  a l o g i c a l  manner, and a comprehensive t a b l e  of con ten t s  s h a l l  be included,  
Where d i f f e r e n t  u n i t  numbers a r e . a s s i n n e d  t o  a s i n g l e  u n i t  t h a t  i s  used 
r e p e t i t i v e l y ,  a s  f o r  example, a power supply r e g u l a t o r  ca rd ,  c r o s s  
r e f e r e n c i n g  s h a l l  be provided a s  necessary  t o  enab le  t h e  schematic  t o  be 
e a s i l y  l oca t ed  by use of any of t h e  a p p l i c a b l e  u n i t  numbers. 

3.16,1,2 Cons t ruc t ion  and binding.- A 1 1  diagrams s h a l l  be f l a t  and not  
fo lded  (no t i p - i n  s h e e t s ) ,  and of heavy, s e r v i c e a b l e  s t o c k  t o  withstand t h e  
wear and t e a r - o f  con t inuo i s  usage. ~iagrams s h a l l  be p r i n t e d  on only  one 
s i d e  of t h e  shee t s .  Shee t s  s h a l l  no t  exceed 11 by 20 inches  i n  s i z e .  The 
t r o u b l e  shoot ing  manual s h a l l  be bound along t h e  long dimension i n  such a 
manner t h a t  i t  can be opened t o  any d e s i r e d  page and fo lded  open s o  as t o  
l ay  f l a t  f o r  ready r e f e r e n c e  du r ing  maintenance use.  

3.16.1.3 Review and acceptance.-  The t r o u b l e  shoot ing  manual s h a l l  be 
s u b j e c t  t o  t h e  same procedures  f o r  review and acceptance as i s  s p e c i f i e d  i n  
FAA-D-638 f o r  o t h e r  s e c t i o n s  of t h e  i n s t r u c t i o n  book. 

I 

3.16.2 Maintenance PP1.- One each p lan  p o s i t i o n  i n d i c a t o r  s h a l l  be fu rn i shed  
f o r  maintenance of t h e  r ada r .  The maintenance PPI s h a l l  u t i l i z e  a 16-inch 
P7 phosphor cathode r a y  tube  w i t h  e l e c t r o s t a t i c  focus ing  and e lec t ro-magnet ic  
d e f l e c t  ion. De f l ec t i on  s h a l l  be accomplished by f i x e d  yoke. Sweep, ranges 
of 10,  30, and 60 n a u t i c a l  miles s h a l l  be provided and s h a l l  be s e l e c t e d  
by means of a range s e l e c t o r  switch. The PPI s h a l l  u t i l i z e  t h e  ACP-ARP d a t a  
d i r e c t l y  f o r  azimuth synchroniza t ion .  

S e l e c t a b l e  range marks which i n t e n s i t y  modulate t h e  sweep and d e s c r i b e  
c i r c l e s  as t h e  sweep r o t a t e s  s h a l l  be provided a t  i n t e r v a l s  of 1 and 5 
n a u t i c a l  miles on a l l  sweep ranges up t o  60 n a u t i c a l  miles. When t h e  1 m i l e  
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t o  be used as a t r o u b l e  shoot ing  manual. This  t r o u b l e  shoot ing  manual 
s h a l l  be i n  accordance w i t h  a l l  requirements  of FAA-D-638 a p p l i c a b l e  t o  
Sec t ion  12 ( p a r t i c u l a r l y  those  of 3.45 and subparagraphs)  and i n  a d d i t i o n  
s h a l l  meet t h e  requirements  s p e c i f i e d  i n  subparagraphs hereunder.  

3.16.1.1 Contents  of t r o u b l e  shoot ing  manual.- The t r o u b l e  shoot ing  manual - 
s h a l l  i nc lude  a l l  m a t e r i a l  r equ i r ed  by 3.45 and subparagraphs of FAA-D-638 
i n  t h e  s p e c i f i e d  formats .  I n  a d d i t i o n ,  it  s h a l l  con ta in  s i m p l i f i e d ,  l a r g e  - s c a l e  diagrams designed t o  f a c i l i t a t e  t h e  r ap id  i s o l a t i o n  of t r o u b l e s  w i th in  
t h e  system. These diagrams s h a l l  i l l u s t r a t e ,  i n  s i m p l i f i e d  form (b lock  
diagrams, l o g i c  diagrams, f o r  example) t h e  complete pa ths  f o r  such s i g n a l s  . as r a d a r  v ideo  and t r i g g e r ,  RF s i g n a l  f low and gene ra t i on ,  e t c .  Compre- 
hens ive  block diagrams showing in t e r connec t ion  of a l l  equipment groups and 
of major subassemblies  w i t h i n  equipment groups s h a l l  be provided,  wi th  
s i g n a l  pa th s  i d e n t i f i e d .  The s i m p l i f i e d  diagrams s h a l l  i nc lude  s u f f i c i e n t  
test p o i n t s  t o g e t h e r  w i th  a p p l i c a b l e  waveforms as are necessary  t o  t r a c e  
s i g n a l s  through the  system and i s o l a t e  t r o u b l e s  t o  a s i n g l e  block. Each 
block s h a l l  be f u l l y  i d e n t i f i e d ,  and s h a l l  inc lude  t h e  page number o r  
f i g u r e  number of t h e  complete schematic.  Sepa ra t e  s i m p l i f i e d  diagrams 
s h a l l  i l l u s t r a t e  AC power d i s t r i b u t i o n ,  DC power d i s t r i b u t i o n ,  c o n t r o l  
c i r c u i t r y ,  meter ing  c i r c u i t r y ,  e t c . ,  and s h a l l  inc lude  a l l  swi t ches ,  f u s e s ,  
c i r c u i t  b reakers  and r e l a y s .  The t r o u b l e  shoot ing  manual s h a l l  be arranged 
i n  a l o g i c a l  manner, and a comprehensive t a b l e  of con ten t s  s h a l l  be included,  
Where d i f f e r e n t  u n i t  numbers a r e . a s s i n n e d  t o  a s i n g l e  u n i t  t h a t  i s  used 
r e p e t i t i v e l y ,  a s  f o r  example, a power supply r e g u l a t o r  ca rd ,  c r o s s  
r e f e r e n c i n g  s h a l l  be provided a s  necessary  t o  enab le  t h e  schematic  t o  be 
e a s i l y  l oca t ed  by use of any of t h e  a p p l i c a b l e  u n i t  numbers. 

3.16,1,2 Cons t ruc t ion  and binding.- A 1 1  diagrams s h a l l  be f l a t  and not  
fo lded  (no t i p - i n  s h e e t s ) ,  and of heavy, s e r v i c e a b l e  s t o c k  t o  withstand t h e  
wear and t e a r - o f  con t inuo i s  usage. ~iagrams s h a l l  be p r i n t e d  on only  one 
s i d e  of t h e  shee t s .  Shee t s  s h a l l  no t  exceed 11 by 20 inches  i n  s i z e .  The 
t r o u b l e  shoot ing  manual s h a l l  be bound along t h e  long dimension i n  such a 
manner t h a t  i t  can be opened t o  any d e s i r e d  page and fo lded  open s o  as t o  
l ay  f l a t  f o r  ready r e f e r e n c e  du r ing  maintenance use.  

3.16.1.3 Review and acceptance.-  The t r o u b l e  shoot ing  manual s h a l l  be 
s u b j e c t  t o  t h e  same procedures  f o r  review and acceptance as i s  s p e c i f i e d  i n  
FAA-D-638 f o r  o t h e r  s e c t i o n s  of t h e  i n s t r u c t i o n  book. 

I 

3.16.2 Maintenance PP1.- One each p lan  p o s i t i o n  i n d i c a t o r  s h a l l  be fu rn i shed  
f o r  maintenance of t h e  r ada r .  The maintenance PPI s h a l l  u t i l i z e  a 16-inch 
P7 phosphor cathode r a y  tube  w i t h  e l e c t r o s t a t i c  focus ing  and e lec t ro-magnet ic  
d e f l e c t  ion. De f l ec t i on  s h a l l  be accomplished by f i x e d  yoke. Sweep, ranges 
of 10,  30, and 60 n a u t i c a l  miles s h a l l  be provided and s h a l l  be s e l e c t e d  
by means of a range s e l e c t o r  switch. The PPI s h a l l  u t i l i z e  t h e  ACP-ARP d a t a  
d i r e c t l y  f o r  azimuth synchroniza t ion .  

S e l e c t a b l e  range marks which i n t e n s i t y  modulate t h e  sweep and d e s c r i b e  
c i r c l e s  as t h e  sweep r o t a t e s  s h a l l  be provided a t  i n t e r v a l s  of 1 and 5 
n a u t i c a l  miles on a l l  sweep ranges up t o  60 n a u t i c a l  miles. When t h e  1 m i l e  
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3.16.2.3 Power supp l i e s . -  The maintenance PPI power s u p p l i e s  may ope ra t e  
-. - - 

from one phase of t h e  3 phase primary power. Compliance wi th  paragraphs 
3.17.8.1, 3.17.8.2 and 3.17.8.6 i s  no t  r e q u i r e d ;  however, the  power supp l i e s  
s h a l l  be designed and f a b r i c a t e d  as necessary  t o  r e s u l t  i n  PPI performance 
as s p e c i f i e d  over  t h e  range of 

3.16.2.4 Auxi l ia ry  f e a t u r e s . -  
provided and a r o t a t a b l e  amber 
nav iga t ing  head s h a l l  have one 
engraved l i n e s  p a r a l l e l  t o  t h e  
s i d e s  of t h e  cen t e r ed  l i n e .  A 
t h e  d i s p l a y  i n  a l i g h t e d  room, 

s e r v i c e  cond i t i ons .  

An edge l i g h t e d  360° compass r o s e  s h a l l  be 
nav iga t ing  head s h a l l  be provided. The 
engraved l i n e  a c r o s s  t h e  d iameter  and 
cen te red  l i n e ,  a t  2 inch i n t e r v a l s  both 
hood s h a l l  be provided t o  permit  viewing 

3.16.2.5 Connections f o r  maintenance PP1.- Appropriate  connect ions s h a l l  be 
provided f o r  a l l  i n p u t s  ( i n c l u d i n g  power) f o r  t h e  maintenance PPI on t h e  
f r o n t  of each p roces so r  cab ine t .  These connectors  s h a l l  be a v a i l a b l e  w i th  
t h e  cab ine t  door c losed .  Connector covers  wi th  c a p t i v e  cha ins  s h a l l  be 
provided f o r  each  connector .  One complete,  du rab l e ,  p r e f a b r i c a t e d  cab le  
of a l eng th  recommended by t h e  c o n t r a c t o r  and approved by t h e  Go.vernment 
s h a l l  be fu rn i shed  t o  make a l l  e x t e r n a l  connect ions.  

3.16,2.6 Connection provis ions . -  Sepa ra t e  connectors  s h a l l  be provided and 
mounted on t h e  PPI f o r  t h e  fo l lowing:  

1. MTI v ideo  

2. Normal v ideo  

3. Beacon v ideo  

4. Azimuth p o s i t i o n  d a t a  

5. T r igge r  

6. Power 

3.16.2.7 Cart . -  A c a r t  s h a l l  be fu rn i shed  on which t o  p l ace  t h e  maintenance 
P o  The c a r t  s h a l l  have an a t t r a c t i v e  appearance and s h a l l  harmonize w i t h  
t h e  c a b i n e t s  i n  c o n s t r u c t i o n  and f i n i s h .  It s h a l l  be equipped wi th  rubber-  
t i r e d  wheels of s u f f i c i e n t  s i z e  (minimum of t h r e e  inches)  t o  provide smooth 
t r a v e l  over  a conc re t e  f l o o r .  A l l  f o u r  wheels of t he  c a r t  s h a l l  be f r e e  t o  
r o t a t e  i n  any d i r e c t i o n  f o r  maximum mobi l i ty .  The c a r t  s h a l l  be provided 
wi th  a power cord of s u f f i c i e n t  l eng th  t o  reach t h e  convenience o u t l e t s  of 
each equipment where i t  i s  used. The c a r t  s h a l l  be provided wi th  a t  l e a s t  
two convenience o u t l e t s  f o r  test equipment. The cart s h a l l  ho ld  t h e  PPI a t  
an optimum ang le  f o r  viewing by a t e c h n i c i a n  whi le  s tanding .  

3.16.3 Video and t r i g g e r  swi tch  panel.- Two jack connectors  wi th  a s s o c i a t e d  
s e l e c t o r  swi tches  l oca t ed  on t h e  same panel  s h a l l  be provided i n  each cab ine t  
t o  permit convenient  viewing of s e l e c t e d  waveforms and f o r  s e l e c t e d  t r i g g e r  
connect ions.  Normal v ideo ,  MTI video ,  and b i - p o l a r  v ideo ,  f o r  example, 
s h a l l  be a v a i l a b l e  through an a s s o c i a t e d  s e l e c t o r  swi tch  a t  t h e  processor  



-73- FAA-E-2506 

3.16.2.3 Power supp l i e s . -  The maintenance PPI power s u p p l i e s  may ope ra t e  
-. - - 

from one phase of t h e  3 phase primary power. Compliance wi th  paragraphs 
3.17.8.1, 3.17.8.2 and 3.17.8.6 i s  no t  r e q u i r e d ;  however, the  power supp l i e s  
s h a l l  be designed and f a b r i c a t e d  as necessary  t o  r e s u l t  i n  PPI performance 
as s p e c i f i e d  over  t h e  range of 

3.16.2.4 Auxi l ia ry  f e a t u r e s . -  
provided and a r o t a t a b l e  amber 
nav iga t ing  head s h a l l  have one 
engraved l i n e s  p a r a l l e l  t o  t h e  
s i d e s  of t h e  cen t e r ed  l i n e .  A 
t h e  d i s p l a y  i n  a l i g h t e d  room, 

s e r v i c e  cond i t i ons .  

An edge l i g h t e d  360° compass r o s e  s h a l l  be 
nav iga t ing  head s h a l l  be provided. The 
engraved l i n e  a c r o s s  t h e  d iameter  and 
cen te red  l i n e ,  a t  2 inch i n t e r v a l s  both 
hood s h a l l  be provided t o  permit  viewing 

3.16.2.5 Connections f o r  maintenance PP1.- Appropriate  connect ions s h a l l  be 
provided f o r  a l l  i n p u t s  ( i n c l u d i n g  power) f o r  t h e  maintenance PPI on t h e  
f r o n t  of each p roces so r  cab ine t .  These connectors  s h a l l  be a v a i l a b l e  w i th  
t h e  cab ine t  door c losed .  Connector covers  wi th  c a p t i v e  cha ins  s h a l l  be 
provided f o r  each  connector .  One complete,  du rab l e ,  p r e f a b r i c a t e d  cab le  
of a l eng th  recommended by t h e  c o n t r a c t o r  and approved by t h e  Go.vernment 
s h a l l  be fu rn i shed  t o  make a l l  e x t e r n a l  connect ions.  

3.16,2.6 Connection provis ions . -  Sepa ra t e  connectors  s h a l l  be provided and 
mounted on t h e  PPI f o r  t h e  fo l lowing:  

1. MTI v ideo  

2. Normal v ideo  

3. Beacon v ideo  

4. Azimuth p o s i t i o n  d a t a  

5. T r igge r  

6. Power 

3.16.2.7 Cart . -  A c a r t  s h a l l  be fu rn i shed  on which t o  p l ace  t h e  maintenance 
P o  The c a r t  s h a l l  have an a t t r a c t i v e  appearance and s h a l l  harmonize w i t h  
t h e  c a b i n e t s  i n  c o n s t r u c t i o n  and f i n i s h .  It s h a l l  be equipped wi th  rubber-  
t i r e d  wheels of s u f f i c i e n t  s i z e  (minimum of t h r e e  inches)  t o  provide smooth 
t r a v e l  over  a conc re t e  f l o o r .  A l l  f o u r  wheels of t he  c a r t  s h a l l  be f r e e  t o  
r o t a t e  i n  any d i r e c t i o n  f o r  maximum mobi l i ty .  The c a r t  s h a l l  be provided 
wi th  a power cord of s u f f i c i e n t  l eng th  t o  reach t h e  convenience o u t l e t s  of 
each equipment where i t  i s  used. The c a r t  s h a l l  be provided wi th  a t  l e a s t  
two convenience o u t l e t s  f o r  test equipment. The cart s h a l l  ho ld  t h e  PPI a t  
an optimum ang le  f o r  viewing by a t e c h n i c i a n  whi le  s tanding .  

3.16.3 Video and t r i g g e r  swi tch  panel.- Two jack connectors  wi th  a s s o c i a t e d  
s e l e c t o r  swi tches  l oca t ed  on t h e  same panel  s h a l l  be provided i n  each cab ine t  
t o  permit convenient  viewing of s e l e c t e d  waveforms and f o r  s e l e c t e d  t r i g g e r  
connect ions.  Normal v ideo ,  MTI video ,  and b i - p o l a r  v ideo ,  f o r  example, 
s h a l l  be a v a i l a b l e  through an a s s o c i a t e d  s e l e c t o r  swi tch  a t  t h e  processor  
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Government t h a t  t h i s  i s  imprac t i cab l e  o r  unnecessary. Maintenance a d j u s t -  
ment c o n t r o l s  s h a l l  employ smal l  knurled knobs. Where t h e  s p e c i a l  n a i u r e  
of a  f u n c t i o n  makes a  l a r g e  knob o r  s c r ewdr ive r  s l o t  d e s i r a b l e ,  t h e  use of 
such c o n t r o l s  s h a l l  be s u b j e c t  t o  s p e c i f i c  Government approval .  Motor 
d r i v e n  swi tches  and c o n t r o l s  a r e  p r o h i b i t e d  except  f o r  waveguide swi t ches ,  
motor-dr iven a u t o  t r ans fo rmer s ,  and an tenna  p o l a r i z a t i o n  c o n t r o l .  

3.17.1.3.1 Loca t ion  of con t ro l s . -  Frequent ly  used c o n t r o l s  on p lug- in  
modules and ca rds  s h a l l  be a c c e s s i b l e  without  removal of t h e  module from 
i t s  normal p o s i t i o n .  Cont ro ls  on u n i t s  us ing  v e r t i c a l  panel  cons t ruc t ion  
s h a l l  be on t h e  f r o n t  s u r f a c e  of t h e  panel  of t he  u n i t  w i th  which t h e  con- . t r o l  i s  a s s o c i a t e d .  Con t ro l s  f o r  h o r i z o n t a l  c h a s s i s  u n i t s  s h a l l  be mounted 
on f r o n t  pane ls  o r  immediately behind f r o n t  acces s  panel  doors  of each u n i t .  
A l l  c o n t r o l s  s h a l l  be mounted s o  a s  t o  minimize t h e  p o s s i b i l i t y  of personnel  
coming i n  con tac t  wi th  h igh  v o l t a g e s  o r  components ope ra t i ng  a t  a h igh  
temperature  o r  both. 

3.17.1.4 Relays.-  I n  a d d i t i o n  t o  t he  requirements  of FAA-G-2100/1, r e l a y s  
u t i l i z e d  i n  t h e  system (exc luding  c o n t a c t o r s )  s h a l l  meet t h e  fo l lowing  
requirement.  A c i r c u i t  diagram s h a l l  be provided f o r  each  r e l ay .  A l l  
chassis-mounted r e l a y s  s h a l l  be of t he  p lug- in  type. The number of d i f f e r -  
e n t  r e l a y  types  used s h a l l  be he ld  t o  an a b s o l u t e  minimum. Each DC r e l a y  
c o i l  s h a l l  have a s u i t a b l e  damping diode o r  o t h e r  device  t o  e l i m i n a t e  
t r a n s i e n t s .  

3.17.1,5 Terminal b locks  and connectors . -  Each module/card b in ,  v e r t i c a l  
c h a s s i s ,  and cab ine t  s h a l l  be equipped wi th  connectors ,  o r  b a r r i e r  type  
t e rmina l  b locks ,  o r  bo th ,  f o r  t h e  t e rmina t ion  of i n t e r - u n i t  and i n t e r -  
cab ine t  cab l ing .  The t e rmina l s  of a l l  t e rmina l  blocks s h a l l  be covered wi th  
removable c l e a r  p l a s t i c  s t r i p  b a r r i e r s  having round acces s  ho l e s  i n  l i n e  
w i th  each  t e rmina l  t o  permit t h e  i n s e r t i o n  of a screwdr iver  blade o r  test 
probe. 

3.17.1.6 System grounding.- A common system grounding des ign  s h a l l  be used 
f o r  a l l  u n i t s  t o  be d e l i v e r e d  under t h i s  s p e c i f i c a t i o n .  Line f i l t e r s ,  i f  
used,  s h a l l  no t  in t roduce  c u r r e n t s  i n  t h e  grounding system. The grounding 
des ign  s h a l l  con ta in  t h r e e  d i s c r e t e  ground busses:  

( a )  One t h a t  bonds t o g e t h e r  a l l  c a b i n e t s  and frames. 

( b )  One t h a t  connec ts  a l l  v ideo a n d . t r i g g e r  s i g n a l  r e t u r n  w i r e s  
t oge the r .  

( c )  One t h a t  connec ts  a l l  power grounds t oge the r .  

The cab ine t / f rames  ( a )  and t h e  s i g n a l  le turn ( b )  ground busses  s h a l l  be 
i s o l a t e d  from t h e  power ground ( c )  and a l s o  i s o l a t e d  from bu i ld ing  ( e a r t h )  
ground except  t h a t  both busses  ( a )  and (b )  a r e  t o  be connected t o  t h e  
bu i ld ing  ground a t  one common connect ion poin t .  S igna l  r e t u r n  pa ths  f o r  
s i g n a l s  t h a t  pa s s  between u n i t s / c h a n n e l s  s h a l l  use t h e  s h i e l d  of t h e  coax ia l  
c ab l e ,  o r  a  s e p a r a t e  s i g n a l  r e t u r n  wire s h a l l  be provided f o r  each pa th  i f  
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c o a x i a l  c ab l e  i s  no t  r equ i r ed .  The power grounding system ( c )  s h a l l  be 
s e p a r a t e  from t h e  o t h e r  two busses .  A l l  i n t e r n a l  equipment ground wires 
s h a l l  be a t  least 500 c i r c u l a r  m i l l s  pe r  l i n e a l  f o o t  but no t  less than  1000 
c i r c u l a r  m i l l s .  The p o r t i o n s  of ground busses  ( a )  and ( c )  e x t e r n a l  t o  
equipment c a b i n e t s  s h a l l  be s t randed  copper ,  #6 AWG o r  l a r g e r .  

3.17.1.7 Video swi tch ing . -  To the  e x t e n t  p o s s i b l e ,  a l l  v ideo  and t r i g g e r  
s e l e c t i o n  o r  swi tch ing  s h a l l  be accomplished by means of s o l i d - s t a t e  
swi tch ing  dev ices  i n  l i e u  of e lec t ro-mechanica l  r e l a y s .  No adverse  e f f e c t s  
s h a l l  occur  a t  any po in t  i n  t h e  system as a r e s u l t  of impedance mismatch 
dur ing  switching.  Proper  t e rmina t ion  of a l l  switched f u n c t i o n s  s h a l l  e x i s t  
f o r  a l l  p o s s i b l e  switched states. 

3.17.1.8 DC power supp l i e s . -  A l l  power s u p p l i e s  s h a l l  employ s o l i d - s t a t e  
dev ices  e x c l u s i v e l y  both i n  r e c t i f i e r  and v o l t a g e  r e g u l a t i n g  c i r c u i t s .  
A l l  power s u p p l i e s  s h a l l  be t h r e e  phase. Power s u p p l i e s  s h a l l  be modular 
i n  n a t u r e ,  a t  least t o  t h e  e x t e n t  t h a t  a s e p a r a t e  power supply module is  
f u r n i s h e d  f o r  each r equ i r ed  vo l t age .  Each module s h a l l  inc lude  p r o t e c t i v e  
f u s i n g  o r  a c i r c u i t  b reaker  and s t a t u s  i n d i c a t o r .  A l l  power s u p p l i e s  s h a l l  
be s u f f i c i e n t l y  decoupled from loads  t o  prevent  any i n t e r a c t i o n  o r  c ros s -  
coupl ing  between loads.  The o v e r a l l  equipment des ign  s h a l l  be such a s  t o  
minimize t h e  number of s e p a r a t e  types  of power supp l i e s .  A l l  power s u p p l i e s  
s h a l l  be f i e l d  r e p a i r a b l e .  The above requirements  and those  of subparagraphs 
hereunder  apply  t o  a l l  power s u p p l i e s  except  as s p e c i f i c a l l y  noted i n  t h e  
i n d i v i d u a l  power supply requirements .  I n  a d d i t i o n ,  compliance wi th  para-  
graphs 3.17.1.8.1 through 3.17.1.8.4 i s  not  r equ i r ed  of h igh  vo l t age  power 
s u p p l i e s  a s s o c i a t e d  wi th  t h e  t r ansmi t t e r /modu la to r  assembly and t h e  k l y s t r o n  
so l eno id  power supply. These power s u p p l i e s  s h a l l  be designed and f a b r i c a t e d  
as r equ i r ed  t o  meet a l l  o t h e r  s p e c i f i e d  requirements  over  t h e  range of 
s e r v i c e  condi t ions .  

3.17,1.8.1 Regulat ion.-  A l l  power s u p p l i e s  s h a l l  be e l e c t r o n i c a l l y  r egu la t ed  
t o  main ta in  ou tpu t  v o l t a g e s  w i t h i n  _t 1% a s  t h e  load i s  v a r i e d  from 20% l e s s  
t han  t o  50% more than  t h e  normal load ,  and as t h e  l i n e  v o l t a g e  i s  v a r i e d  
between s e r v i c e  cond i t i on  l i m i t s ,  wi th  primary power l i n e  r e g u l a t o r s  ( i f  used) 
i n  t h e  c i r c u i t .  The output  v o l t a g e s  of t h e s e  r egu la t ed  s u p p l i e s  s h a l l  be 
a d j u s t a b l e  t o  any va lue  over  a range of + 10% of t h e  nominal va lue ,  and t h e  
r e g u l a t i o n  and r i p p l e  s p e c i f i c a t i o n s  s h a l l  be m e t  f o r  any and a l l  s e t t i n g s  
w i t h i n  t h i s  range. Power supply ou tput  v o l t a g e  s h a l l  n o t  change by more 
than + 1% from t h e  i n i t i a l  s e t t i n g  over  t h e  s e r v i c e  cond i t i ons .  The regula-  
t i o n  and r i p p l e  requirements  a r e  minimum requirements ,  and it s h a l l  be t h e  
c o n t r a c t o r ' s  r e s p o n s i b i l i t y  t o  des ign  t h e  equipment wi th  such a d d i t i o n a l  
r educ t ion  i n  r i p p l e  and improved r e g u l a t i o n  as i s  r equ i r ed  t o  meet a l l  
s p e c i f i e d  performance requirements .  A s e p a r a t e ,  independent v o l t a g e  
r e f e r ence  s o l i d - s t a t e  device  s h a l l  be used f o r  each r egu la t ed  power supply 
v o l t a g e ,  and t h e  r e g u l a t i o n  of one power supply v o l t a g e  s h a l l  no t  depend 
on ano the r  power supply v o l t a g e  f o r  r e f e r ence .  

3.17.1.8.2 Ripple  vo l t ape . -  Ripple v o l t a g e s ,  de f ined  a s  t h e  peak-to-peak 
va lue  of a  simple o r  complex waveform c o n s i s t i n g  of power l i n e  frequency 
components and harmonics t h e r e o f ,  and/or  synchronous o r  r e p e t i t i v e  
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c o a x i a l  c ab l e  i s  no t  r equ i r ed .  The power grounding system ( c )  s h a l l  be 
s e p a r a t e  from t h e  o t h e r  two busses .  A l l  i n t e r n a l  equipment ground wires 
s h a l l  be a t  least 500 c i r c u l a r  m i l l s  pe r  l i n e a l  f o o t  but no t  less than  1000 
c i r c u l a r  m i l l s .  The p o r t i o n s  of ground busses  ( a )  and ( c )  e x t e r n a l  t o  
equipment c a b i n e t s  s h a l l  be s t randed  copper ,  #6 AWG o r  l a r g e r .  

3.17.1.7 Video swi tch ing . -  To the  e x t e n t  p o s s i b l e ,  a l l  v ideo  and t r i g g e r  
s e l e c t i o n  o r  swi tch ing  s h a l l  be accomplished by means of s o l i d - s t a t e  
swi tch ing  dev ices  i n  l i e u  of e lec t ro-mechanica l  r e l a y s .  No adverse  e f f e c t s  
s h a l l  occur  a t  any po in t  i n  t h e  system as a r e s u l t  of impedance mismatch 
dur ing  switching.  Proper  t e rmina t ion  of a l l  switched f u n c t i o n s  s h a l l  e x i s t  
f o r  a l l  p o s s i b l e  switched states. 

3.17.1.8 DC power supp l i e s . -  A l l  power s u p p l i e s  s h a l l  employ s o l i d - s t a t e  
dev ices  e x c l u s i v e l y  both i n  r e c t i f i e r  and v o l t a g e  r e g u l a t i n g  c i r c u i t s .  
A l l  power s u p p l i e s  s h a l l  be t h r e e  phase. Power s u p p l i e s  s h a l l  be modular 
i n  n a t u r e ,  a t  least t o  t h e  e x t e n t  t h a t  a s e p a r a t e  power supply module is  
f u r n i s h e d  f o r  each r equ i r ed  vo l t age .  Each module s h a l l  inc lude  p r o t e c t i v e  
f u s i n g  o r  a c i r c u i t  b reaker  and s t a t u s  i n d i c a t o r .  A l l  power s u p p l i e s  s h a l l  
be s u f f i c i e n t l y  decoupled from loads  t o  prevent  any i n t e r a c t i o n  o r  c ros s -  
coupl ing  between loads.  The o v e r a l l  equipment des ign  s h a l l  be such a s  t o  
minimize t h e  number of s e p a r a t e  types  of power supp l i e s .  A l l  power s u p p l i e s  
s h a l l  be f i e l d  r e p a i r a b l e .  The above requirements  and those  of subparagraphs 
hereunder  apply  t o  a l l  power s u p p l i e s  except  as s p e c i f i c a l l y  noted i n  t h e  
i n d i v i d u a l  power supply requirements .  I n  a d d i t i o n ,  compliance wi th  para-  
graphs 3.17.1.8.1 through 3.17.1.8.4 i s  not  r equ i r ed  of h igh  vo l t age  power 
s u p p l i e s  a s s o c i a t e d  wi th  t h e  t r ansmi t t e r /modu la to r  assembly and t h e  k l y s t r o n  
so l eno id  power supply. These power s u p p l i e s  s h a l l  be designed and f a b r i c a t e d  
as r equ i r ed  t o  meet a l l  o t h e r  s p e c i f i e d  requirements  over  t h e  range of 
s e r v i c e  condi t ions .  

3.17,1.8.1 Regulat ion.-  A l l  power s u p p l i e s  s h a l l  be e l e c t r o n i c a l l y  r egu la t ed  
t o  main ta in  ou tpu t  v o l t a g e s  w i t h i n  _t 1% a s  t h e  load i s  v a r i e d  from 20% l e s s  
t han  t o  50% more than  t h e  normal load ,  and as t h e  l i n e  v o l t a g e  i s  v a r i e d  
between s e r v i c e  cond i t i on  l i m i t s ,  wi th  primary power l i n e  r e g u l a t o r s  ( i f  used) 
i n  t h e  c i r c u i t .  The output  v o l t a g e s  of t h e s e  r egu la t ed  s u p p l i e s  s h a l l  be 
a d j u s t a b l e  t o  any va lue  over  a range of + 10% of t h e  nominal va lue ,  and t h e  
r e g u l a t i o n  and r i p p l e  s p e c i f i c a t i o n s  s h a l l  be m e t  f o r  any and a l l  s e t t i n g s  
w i t h i n  t h i s  range. Power supply ou tput  v o l t a g e  s h a l l  n o t  change by more 
than + 1% from t h e  i n i t i a l  s e t t i n g  over  t h e  s e r v i c e  cond i t i ons .  The regula-  
t i o n  and r i p p l e  requirements  a r e  minimum requirements ,  and it s h a l l  be t h e  
c o n t r a c t o r ' s  r e s p o n s i b i l i t y  t o  des ign  t h e  equipment wi th  such a d d i t i o n a l  
r educ t ion  i n  r i p p l e  and improved r e g u l a t i o n  as i s  r equ i r ed  t o  meet a l l  
s p e c i f i e d  performance requirements .  A s e p a r a t e ,  independent v o l t a g e  
r e f e r ence  s o l i d - s t a t e  device  s h a l l  be used f o r  each r egu la t ed  power supply 
v o l t a g e ,  and t h e  r e g u l a t i o n  of one power supply v o l t a g e  s h a l l  no t  depend 
on ano the r  power supply v o l t a g e  f o r  r e f e r ence .  

3.17.1.8.2 Ripple  vo l t ape . -  Ripple v o l t a g e s ,  de f ined  a s  t h e  peak-to-peak 
va lue  of a  simple o r  complex waveform c o n s i s t i n g  of power l i n e  frequency 
components and harmonics t h e r e o f ,  and/or  synchronous o r  r e p e t i t i v e  



3.17.1.9 Elec t romagnet ic  i n t e r f e r e n c e  and s u s c e p t i b i l i t y . -  The equipment 
s h a l l  be designed and cons t ruc t ed  t o  meet t h e  i n t e r f e r e n c e  and s u s c e p t i b i l i t y  
requi rements  of M i l i t a r y  S tandards  MIL-STD-461A (and Notice 3 )  and 462 (and 
Notice 2)  f o r  Class A3 equipments.  The c o n t r a c t o r  s h a l l  p repare  and submit ,  
w i t h i n  90 days a f t e r  award of t h e  c o n t r a c t ,  an i n t e r f e r e n c e  c o n t r o l  p lan  
d e t a i l i n g  t h e  c o n t r a c t o r ' s  i n t e n t  and methods i n  s a t i s f y i n g  t h e  a p p l i c a b l e  
requirements  of t he  i n t e r f e r e n c e  s tandards .  The p lan  s h a l l  be i n  accordance 
wi th  paragraph 4.2 of MIL-STD-461A and Notice 3. 

3.17.1.10 Surge p ro t ec t i on . -  P r o t e c t i v e  dev ices  s h a l l  be provided a s  
necessary  t o  prevent  damage t o  the  equipment from su rges  on e i t h e r  t h e  AC 
power l i n e s ,  t h e  remoting l i n e s ,  o r  both.  The p r o t e c t i v e  dev ices  s h a l l  
be capable  of l i m i t i n g  i n i t i a l  sp ikes  as might r e s u l t  from nearby l i g h t -  
ning s t r i k e s  t o  a va lue  t h a t  w i l l  not  damage any equipment. The pro- 
t e c t i v e  dev ices  s h a l l  be capable  of wi ths tanding  repea ted  surges  wi thout  
damage o r  change i n  o p e r a t i n g  c h a r a c t e r i s t i c s .  Th i s  requirement  is  i n  
a d d i t i o n  t o  t h e  surge  p r o t e c t i o n  s p e c i f i e d  i n  FAA-G-2100/1. 



3.18 Packaging and cons t ruc t ion . -  The b a s i c  packaging concept of t h e  
equipment s h a l l  be small p lug- in  modules and p r i n t e d  c i r c u i t  boards t o  
t h e  e x t e n t  p r a c t i c a b l e ,  mounted i n  s t anda rd  c a b i n e t s  (3.18.1). The 
s t r u c t u r a l  s t r e n g t h  and r i g i d i t y  of equipment u n i t s  and c a b i n e t s  s h a l l  be 
such t h a t  normal handl ing i n  load ing ,  sh ipping ,  unloading,  and s e t t i n g  
i n t o  p o s i t i o n  f o r  i n s t a l l a t i o n ,  a s  w e l l  as movement over - the- road  wi th  
t h e  equipment i n s t a l l e d  i n  t r a n s p o r t a b l e  b u i l d i n g s ,  w i l l  no t  r e s u l t  i n  
any mechanical damage, o r  i n  any way degrade t h e  ope ra t  ion ,  appearance 
o r  m a i n t a i n a b i l i t y  of t h e  equipment. A t  least 10% of t h e  f r o n t  panel  
of each equipment c a b i n e t ,  t oge the r  wi th  t h e  i n t e r i o r  cab ine t  space 
behind i t ,  s h a l l  be l e f t  unused. Blank pane ls  s h a l l  be fu rn i shed  and 

t 

i n s t a l l e d  f o r  any unused space. 

3.18.1 Cabinet design.-  Equipment c a b i n e t s ,  except  a s  noted i n  3.10.1, 
s h a l l  be of uniform s i z e ,  no t  t o  exceed 80 inches  i n  he igh t  and 30 inches 
i n  depth  and width. A l l  c a b i n e t s  s h a l l  be of h igh  q u a l i t y ,  s t u rdy  cons t ruc-  
t i o n ,  a c c u r a t e l y  and c a r e f u l l y  f a b r i c a t e d ,  w i t h  f a c i l i t i e s  f o r  b o l t i n g  o r  
f a s t e n i n g  t o  t he  f l o o r .  V e n t i l a t i o n  a i r  s h a l l  e n t e r  a t  t h e  lower f r o n t  
and e x i t  from t h e  cab ine t  t op ,  w i th  t h e  a i r  e x i t  screened o r  o therwise  
p ro t ec t ed  t o  prevent  small o b j e c t s  from f a l l i n g  i n t o  t h e  cab ine t .  Access 
t o  t he  cab ine t  i n t e r i o r  s h a l l  be from t h e  f r o n t  on ly ,  wi th  f u l l  width,  
l a t c h i n g  a c c e s s  doors  ex tending  from n e a r  t h e  t o p  of t h e  cab ine t  down t o  
t h e  a i r  i n l e t .  Access doors  s h a l l  be mounted by s l i p - p i n  h inges  s o  t h a t  
t h e  doors  may be e a s i l y  removed. ' The h inges  s h a l l  be a d j u s t a b l e ,  and 
secured t o  t h e  c a b i n e t s  by means of screws o r  nu t s  and b o l t s .  A l l  cab le  
and waveguide acces s  s h a l l  be a t  t h e  t o p  of c a b i n e t s ,  A l l  w i r ing  e n t e r i n g  
t h e  cab ine t  s h a l l  t e rmina t e  on blocks near  t h e  t o p  f r o n t  of t h e  cab ine t  
and a c c e s s i b l e  e i t h e r  through t h e  main acces s  door o r  a small removable 
panel .  Pane ls ,  c h a s s i s ,  and modules/card b in s  s h a l l  be adequate ly  
supported w i t h i n  t h e  c a b i n e t s  and of a s i z e  and weight as w i l l  permit 
removal and replacement by one t echn ic i an .  Convenience o u t l e t s  (1-3.6.4, 
FAA-G-2100/1) s h a l l  be provided on the  lower f r o n t  of each cab ine t .  

3.18.1.1 Overheat warning devices . -  A s  a minimum, each cab ine t  s h a l l  be 
provided wi th  a temperature  sensor  l oca t ed  j u s t  i n s i d e  t h e  a i r  exhaust  
o u t l e t .  Sensing of a temperature  r ise i n  exces s  of t he  des ign  l i m i t  
(normally t h e  maximum ambient temperature  p lus  t h e  cab ine t  r i s e  above 
ambient permi t ted  by FAA-G-2100/1) s h a l l  be i nd i ca t ed  by a warning l i g h t  
conspicuously l oca t ed  on the  c a b i n e t ,  a s  we l l  as by a  channel f a u l t  l i g h t .  
Addi t iona l  temperature  s enso r s  and a i r  f low swi tches  s h a l l  be provided a s  
necessary  t o  p r o t e c t  t h e  system from damage. 

3.18.1.2 Cabinet i l l umina t ion . -  Shie lded  l i g h t s  f o r  gene ra l  i l l umina t ion  
of t he  cab ine t  i n t e r i o r s  s h a l l  be provided. These l i g h t s  s h a l l  be turned 
on by opening of t h e  cab ine t  acces s  door ,  and turned  o f f  by c lo s ing  of t h e  
door.  With t h e  door open, manual c o n t r o l  of t h e  l i g h t s  s h a l l  a l s o  be 
pos s ib l e .  I f  meters ,  c o n t r o l s ,  test p o i n t s ,  e t c . ,  are v i s i b l e  o r  a c c e s s i b l e  
wi th  t h e  a c c e s s  doors  c lo sed ,  a d d i t i o n a l  l i g h t i n g  s h a l l  be provided as i s  
r equ i r ed  t o  make them r e a d i l y  v i s i b l e  w i th  t h e  room l i g h t s  tu rned  o f f .  
Manual c o n t r o l  of t h e s e  l i g h t s  s h a l l  be provided. 
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3.18.1.3 Front  panel  connec tors  and cab les . -  Front  panel  connectors  and 
cab l e s  s h a l l  be l i m i t e d  t o  those  r equ i r ed  f o r  t e s t i n g ,  o r  where it is  not  
f e a s i b l e  t o  u t i l i z e  rear connectors .  

3.18.1.4 Grounding rods.-  Adequately i n s u l a t e d  grounding rods  wi th  a 
connect ing grounding s t r a p  permanently a f f i x e d  t o  good cab ine t  grounds 
s h a l l  be provided and i n s t a l l e d  on hooks i n s i d e  t h e  doors  of a l l  c a b i n e t s  
which con ta in  v o l t a g e s  ( o t h e r  than primary AC power) i n  excess  of 150 v o l t s  
t o  enable  maintenance personnel  t o  ground a l l  p o i n t s  which are p o t e n t i a l l y  
hazardous before  performing equipment maintenance. Caution p l a t e s  s h a l l  
be i n s t a l l e d  i n  a p p r o p r i a t e  l o c a t i o n s  t o  remind maintenance personnel  t o  
u t i l i z e  t h e  grounding rods  before  performing any maintenance on t h e  equipment. 

3.18.1.5 T ransmi t t e r  cab ine t  components.- Large components i n  t h e  t r a n s -  
mitter modulator and h igh-vol tage  power supply p o r t i o n s  of t h e  equipment may 
be mounted on a h o r i z o n t a l  c h a s s i s ,  mounted h o r i z o n t a l l y  a t  f l o o r  l e v e l ,  o r  
mounted on cab ine t  walls provided they a r e  adequate ly  supported and a l l  
mounting f a s t e n e r s ,  t e rmina l s ,  a n d  a s s o c i a t e d  wi r ing  f o r  such components 
are e a s i l y  a c c e s s i b l e  f o r  maintenance t e s t i n g  and r e p a i r  through t h e  f r o n t  
acces s  door without  r e q u i r i n g  removal of t h e  chas s i s .  

3.18,2 V e n t i l a t i o n  and cool ing  equipment.- A l l  blowers,  v e n t s  and o t h e r  
cool ing  equipment necessary  f o r  t h e  proper  o p e r a t i o n  of t h e  equipment over  
t h e  range of t h e  s e r v i c e  cond i t i ons  ( 3 . 2 )  s h a l l  be provided. Each cab ine t  
s h a l l  con ta in  i t s  own blower system and, except  f o r  t h e  t r a n s m i t t e r  c a b i n e t ,  
s h a l l  r e q u i r e  no e x t e r n a l  duc t s .  With t h e  acces s  doors  of any o r  a l l  c a b i n e t s  
open f o r  up t o  e i g h t  hours ,  t h e  equipment s h a l l  not  ove rhea t ,  develop hot  
s p o t s  o r  become uns t ab l e  i n  opera t ion .  

3.18,Z.l  V e n t i l a t i o n  blowers.-  A l l  primary cab ine t  blowers s h a l l  be t h r e e  
phase,  cont inuous du ty  type. Small a u x i l i a r y  blower motors ,  a s  f o r  example 
might be employed f o r  moving a i r  d i r e c t l y  through t h e  hea t  s i n k  of a power 
supply,  may be s i n g l e  phase provided,  however, t h a t  they do not  exceed 0.1 
horse  power i n  capac i ty .  A l l  blower motors s h a l l  be equipped wi th  s ea l ed ,  
permanently l u b r i c a t e d  bear ings .  

3.18,3 Modular concept.-  The con f igu ra t i on  of t h e  modular assembl ies  s h a l l  
be one of t h e  fo l lowing:  

( a )  Standard rack  mounting s l i d e - o u t  drawers o r  chas s i s .  D r a w e r  
s l i d e s  s h a l l  be heavy-duty lock ing  type t o  permit locking t h e  
drawer o r  c h a s s i s  i n  e i t h e r  t he ,no rma l  c losed  o r  extended pos i t i on .  
P r i n t e d  c i r c u i t  ca rds  o r  modules s h a l l  be mounted v e r t i c a l l y  i n  
t h e  drawers /chass i s .  

( b )  Standard rack  mounting assembl ies  wi th  she l f  mounted modules t h a t  
plug i n t o  a f r o n t  pane l / chas s i s  assembly. P r i n t e d  c i r c u i t  ca rds  
o r  modules s h a l l  be mounted v e r t i c a l l y .  

3.18.3.1 P lug- in  modules.- P lug- in  modules and p lug- in  p r i n t e d  c i r c u i t  card 
modules s h a l l  be designed f o r  mounting i n  card b i n s  o r  module b ins .  Plug-in 
modules s h a l l  have a metal c h a s s i s  o r  o t h e r  s u i t a b l e  framework t o  provide a 
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3.18.1.3 Front  panel  connec tors  and cab les . -  Front  panel  connectors  and 
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4.2.2 Normal test condi t ions . -  The fo l lowing  des ign  q u a l i f i c a t i o n  tests 
s h a l l  be made under normal test  cond i t i ons :  

Tes t  - 
( a )  Antenna, S t a t i c  load test  

Only one antenna s h a l l  be s t a t i c  load t e s t e d  t o  determine compliance wi th  
requirements  f o r  maximum wind v e l o c i t i e s  and i ced  condi t ions .  The con t r ac to r  
s h a l l  submit a  d e t a i l e d  d e s c r i p t i o n  of t h e  proposed s t a t i c  load t e s t  f o r  
Government approval .  

4.3 Type tests.- The tes ts  l i s t e d  below (4.3.1 and 4.3.2) s h a l l  be performed -- 
i n  a d d i t i o n  t o  t h e  requirements  of 1-4.3.3, 1-4.3.3.1, and 1-4.3.3.2 of 
FAA-G-2100/1. A l l  s e r v i c e  cond i t i on  tes ts  s h a l l  be made us ing  t h e  channel 
of t h e  r a d a r  system s e l e c t e d  by t h e  Government. Test  d a t a  s h a l l  be recorded 
f o r  t h i s  channel.  Spot-check t e s t s  s h a l l  a l s o  be made on t h e  standby channel 
dur ing  t h e  process  of t e s t i n g  t h e  ope ra t i ng  channel and s h a l l  inc lude  the  
obse rva t ion  of t h e  proper  func t ion ing  of t h e  channel s e l e c t o r  switches and 
changeover equipment. I f  such spo t  checks should i n d i c a t e  t h a t  t h e  channel 
s e l e c t o r  swi t ches  o r  t h e  standby channel is  not  performing s a t i s f a c t o r i l y ,  
a l l  malfunct ioning of t he  system s h a l l  be proper ly  co r r ec t ed  and a l l  s e r v i c e  
cond i t i on  tests s h a l l  be repea ted  us ing  t h e  former standby channel with 
spot-checks on t h e  former ope ra t i ng  channel,  and a l l  such information and 
d a t a  s h a l l  be recorded on t h e  t e s t  d a t a  shee t s .  Complete systems o r  
a d d i t i o n a l  items of equipment scheduled f o r  shipment subsequent t o  t he  
system being t y p e - t e s t e d  s h a l l  not  be shipped from t h e  c o n t r a c t o r ' s  p l a n t  
without  Government approval  u n t i l  a l l  t h e  type tests  have been completed 
on one system and t h e  t y p e - t e s t  r e s u l t s  have been accepted  a s  s a t i s f a c t o r y  
by t h e  Government. 

4.3.1 Se rv i ce  condi t ions . -  The fo l lowing  type  tests as a minimum s h a l l  be -.. 
made whi le  sub jec t ing  t h e  equipment t o  t h e  test  procedure descr ibed  under 
1-4.12 of FAA-G-2100/1: 

Tes t  - 
( a )  Antenna d r i v e r  ope ra t i on  

( b )  T ransmi t t e r  f requency 

( c )  T ransmi t t e r  peak power - maximum and normal ope ra t i ng  

( d l  RF pu l se  width and pu l se  shape 

( e l  T ransmi t t e r  ou tput  RF spectrum 

( 1  Receiver  performance (Normal and MTI) 

( g )  Log-FTC-anti-log performance (Normal and  MTI) 

(h)  Receiver s e n s i t i v i t y  (Normal and MTI) 
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T ransmi t t e r  f requency 

Transmi t t e r  peak power - maximum and normal ope ra t i ng  (u s ing  
c a l o r i m e t e r  method and water load)  

T ransmi t t e r  PRF 

Transmi t t e r  RF pu l se  width and shape 

Transmi t t e r  RF spectrum 

Receiver  performance (Normal and MTI) 

I F  bandwidth (Normal a n d  MTI) 

Ove ra l l  v ideo  bandwidth and pu l se  response (Normal and MTI) 

Receiver  s e n s i t i v i t y  (Normal and MTI) 

Paramet r ic  a m p l i f i e r  

Ove ra l l  g a i n  (Normal and MTI) 

Radio frequency gene ra to r  performance 

Synchronizer  

Receiver  g a i n  c o n t r o l  u n i t  (Normal and MTI) 

Log-FTC-anti-log performance (Normal a n d  MTI) 

Video enhancer (Normal and MTI) 

Ve loc i ty  shaping c a n c e l l e r  

PRF s t agge r ing  

RF mixer and phase c o n t r o l  

Power supply r e g u l a t i o n ,  r i p p l e ,  v o l t a g e  range,  and performance 

Opera t ion  of swi tch ing  and c o n t r o l  f u n c t i o n s  

( a a )  Channel change time 

(bb)  Cross-channel i n t e r f e r e n c e  e lgmina t ion  

*(cc)  A 1 1  meter read ings  
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FAA-E-2506 and Amend.-4 
SPECIFICATION CHANGE-1 

plane and not less than 16 dB at the principal azimuth plane. The level of 
the cross polarized component at points not specified shall have values not 
greater than that required to have a direct linear relationship to the 
elevation angles between adjacent specified points." 

Change paragraph 3.9.12 as follows: 

Delete the second and third sentences and substitute the following: "The ICR 
of the antenna for the patterns associated with the main feed horn and passive 
feed horn shall be a; least 22 dB in the principal azimuth plane, 17 dB at an 
elevation range of 5 above the principal azimuth plane, 10 dB at an elevatiog 
angle of 30' above the principal azimuth plane for the main feed horn and 28 
above the principal azimuth plane for the passive feed horn. The ICR shall be 
at least 17 dB for the normal pattern and 14 dB for the passive pattern at the 
underside -6 dB one-way power strength of each elevation pattern. In addition 
the ICR shall be at least 4 dB in the azimuth plane at the elevation angle of 
the underside -20 dB one-way power strength of the pattern associated with the 
passive feed horn." 

On page 34, at the end of paragraph 3.10.7.2, add the following: 

"If the modulator design precludes maintenance by means of a dummy load, the 
following troubleshooting aids and maintenance devices shall be provided as a 
minimum. Test points for viewing voltage and current waveforms, indicator 
lights, metering, etc., shall be provided as necessary to diagnose and isolate 
any faulty parts. The klystron tank compartment shall be designed for 
accessibility and maintainability. If draining of the oil is necessary to 
gain access to tank mounted parts, a mobile oil tank with reversible pump 
system and quick disconnect fittings shall be furnished." 

Page 40, paragraph 3.11.5.2, change this paragraph to read as follows: 

"The IF bandwidth of the normal portion of the receiver shall be optimum for 
the type of IF filter used but not greater than 1.4 divided by the pulse- 
width." 

) 

Delete paragraph 3.15.2.3.3 and substitute the following: 

"3.15.2.3.3 Videoltrigger and azimuth data distribution assembly.- This unit 
shall accevt the video and trigger signals from the selected line compensator 
amvlifier and accevt the ACP a&l ARP data from the selector switch and provide 
muitiple outputs ;or use by external equipment. The unit shall consist of 
three distribution amplifier printed ciruit boards bridged across the video 
output lines from the line compensator-amplifier selector switch or APG pulse 
shaper selector switch as appropriate. The input impedance of the distribu- 
tion amplifiers shall be sufficient such that up to two distribution amplifier 
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PCBs can be removed without apparent change in the output signals from the 
installed distribution amplifier PCB. Each distribution amplifier shall 
accept MTI and normal video, trigger, ACP, and ARP inputs and provide the 
following outputs each isolated from all others: 2 MTI videos, 2 normal 
videos, 4 triggers, 4 ACPs, and 4 ARPs. Each video output amplifier shall 
provide variable amplification as required to produce 4V positive video of the 
quality specified in 3.15.2.2.1 at the end of any length of RG-59 or equal 
coaxial cable up to a maximum of 300 feet. The trigger amplifiers shall 
produce triggers as specified in 3.15.2.2.1 at the end of 300 feet of RG-59 
coaxial cable or equal. A gain control is not required for the trigger 

* amplifiers. The ACP and ARP amplifiers shall provide isolation and amplifi- 
cation as required to produce data as specified in 3.15.2.2.1 at the end of 
any length of RG-59 or equal up to a maximum of 300 feet. There shall be no 
evidence of cross coupling between the normal and MTI video signals, or 
between the videos and the trigger. All output amplifiers shall provide 
sufficient isolation that improper terminations, ranging from a short to an 
open circuit, on one or more outputs will not cause damage to the amplifier(s) 
terminated, or be reflected in the outputs of the remaining amplifiers." 

Delete paragraph 3.15.2.3.6 and substitute the following: 

a "3.15.2.3.6 Unused." 

- 

Revise the first sentence of paragraph 3.15.2.3.8 to read as follows: "All of 
the remote site equipment including one system control panel (3.15.1.91, the 
line compensator-amplifiers (3.15.2.3.2), the videoltrigger and azimuth data 
distribution assembly (3.15.2.3.3), the azimuth data pulse shaper amplifiers 
(3.15.2.3.5), and the power supplies shall be installed in a single cabinet 
not to exceed 22 inches in width and depth and 76 inches in height." 

Revise paragraph 3.16.1, first line on top of page 71 to read as follows: 

"to be used as a trouble shooting manual and Section 10 Parts List which shall 
tt: in accordance with the following subparagraphs. This trouble shooting 
manual". 

Insert the following new paragraphs after 3.16.1.3: 

"3.16.1.4 Parts List .-  his section shall contain a tabulation (reference 
FAA-D-638, paragraph 3.43.1) of descriptive data on all electrical parts 
(defined in 3.43.2 of FAA-D-638) and certain mechanical parts (defined in 
3.43.3 of FAA-D-638) of the equipment. For single-unit equipment having 
reference designations not prefixed by a unit number, the tabulation shall be 
arranged in alphabetical-numerical order of reference designations (defined 
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tt: in accordance with the following subparagraphs. This trouble shooting 
manual". 

Insert the following new paragraphs after 3.16.1.3: 

"3.16.1.4 Parts List .-  his section shall contain a tabulation (reference 
FAA-D-638, paragraph 3.43.1) of descriptive data on all electrical parts 
(defined in 3.43.2 of FAA-D-638) and certain mechanical parts (defined in 
3.43.3 of FAA-D-638) of the equipment. For single-unit equipment having 
reference designations not prefixed by a unit number, the tabulation shall be 
arranged in alphabetical-numerical order of reference designations (defined 



-5- FAA-E-2506 and Amend.-4 
SPECIFICATION CHANGE-1 

(The JAN or MIL TYPE DESIGNATION shall be 
given in MIL specifications). 

(The Federal Stock Numbers or National Stock 
Numbers obtained during prescreening shall be 
included in accordance with the following 
format : 
FSN XXXX-XXX-XXXX 
NSN XXXX-XX-XXX-XXXX)" 

Add the following new paragraph after 3.18.3.9: 

"3.18.3.9.1.- Non-axial-leaded parts (excluding transistors and integrated 
circuits) shall be mounted against or as close as possible to the printed 
circuit board." 

Page 83, paragraph 3.18.3.11, after the first sentence add the following: 

"A three phase power transformer may be used where isolation of the three 
phase power line is required for use within the transmitter cabinet. This 
transformer shall meet the requirements of MIL-T-27, Class R, Life Expectancy 
X, but shall be excluded frommeeting sealing, immersion, vibration, and shock 
requirements of Grade 4 units. Material used in construction of the trans- 
former shall meet the design requirements of MIL-T-27, Grade 4; however, air 
cooled open winding construction may be used provided that the transformer is 
physically located within the transmitter cabinet and a metal protective cover 
is provided. All other transformers shall meet the following requirements." 

Delete the fifth sentence in paragraph 4.4 which states: "Spare units 
provided ...." In lieu thereof, insert the following: 
11 Spare units provided with each system shall be installed and checked by 
replacing installed boards with all site spares and conducting onsite accept- 
ance testing, after which the site acceptance testing will not be repeated 
with the set of boards originally installed in shipped equipments." 
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FAA-E-2506 & AMEND.-4 
SPECIFICATION CHANGE-2 
April 27, 1977 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

SPECIF ICATION 

AIRPORT SURVEILLANCE RADAR (ASR) 
TRANSMITTER-RECEIVER (T/R) SUBSYSTEM 

This specification change forms a part of FAA-E-2506 dated November 12, 1971, 
as modified by ~mendmeni-4. 

Change paragraph 3.17.1.9, fourth line, to read as follows: 

"Notice 2) for Class A3 equipments with the following limit relaxations for 
CE-03 broadband and narrowband conducted emissions: 

I! a. 20 dB relaxation from 20 KHz to 60 KHz broadband conducted 
emissions. 

b. 15 dB relaxation from 60 KHz to 140 KHz broadband conducted 
emissions. 

c. 10 dB relaxation from 1 MHz to 2 MHz broadband conducted 
emissions. 

d. 10 dB relaxation from 20 KHz to 60 KHz narrowband conducted 
emissions. 

e. 6 dB relaxation from 60 KHz to 140 KHz narrowband conducted 
emissions." I/ 



FAA-E-2506 & AMEND.-4 
SPECIFICATION CHANGE-2 
April 27, 1977 

DEPARTMENT OF TRANSPORTATION 
FEDERAL AVIATION ADMINISTRATION 

SPECIF ICATION 

AIRPORT SURVEILLANCE RADAR (ASR) 
TRANSMITTER-RECEIVER (T/R) SUBSYSTEM 
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as modified by ~mendmeni-4. 
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FAA-E-2506 
AMENDMENT-4 
November 19, 1975 
SUPERSEDING 
AMENDMENT-3, 8/29/73 

DEPARTMENT OF TRANSPORTATION 
FEOOlAl  AVIATION ADMINISTRATION 

SPECIFICAT ION 

AIRPORT SURVEILLANCE RADAR (ASR) 
TRANSMITTER-RECEIVER (T/R) SUBSYSTEM 

This amendment forms a part of FAA-E-2506 dated November 12, 1971. 

Page 2, paragraph 2.1: Delete FAA-G-210015 as an applicable specification. 

Page 3: Add new paragraph below existing paragraph 3.1.7 as follows: 

"3.1.8 Nose of the beam.- The nose of the beam of the antenna is defined as 
the intersection of the principal azimuth plane with the principal elevation 
plane. " 

Page 4, paragraph 3.3.1: In next to last line, delete "modulator". 

Page 4, paragraph 3.3.2: In the penultimate line, change the word "BLAKE" to 
read "NRL" . 

Page 4, paragraph 3.3.3, lines 4 and 5: Change to read as follows: 

"These characteristics apply for both single channel and dual diversity 
operation, and throughout the frequency range of 2700 to 2900 MHz." 



AMENDMENT-4 

Page 5, paragraph 3.3.3: At end of receiver characteristics, add the - - 

following:- "Receiver MDS figures apply for both main (low) and passive (high) 
antenna beam, and shall be measured at the coupler specified in 3.11.6.6. 
Selection of video enhancers shall result in MDS measurement at least equal to 
those s~ecified herein." At end of antenna characteristics. add the follow- 
ing: "Overall VSWR (measured at input to rotary joint, all S-band paths) 
1.4: 1 .I1 

Page 6, paragraph 3.4.3: In tenth line, delete the words "by changing the 
basic clock frequency." 

Page 7, paragraph 3.5.1: Delete second sentence in definition of Avail- 
ability. 

Page 11, paragraph 3.5.4.3.2: In second line, change "3.5.2.1" to 
"3.5.3.3.4". 

Page 12, paragraph 3.5.4.3.3, second paragraph: Add the following between 
sentences two and three (eighth line): 

"Preventative maintenance tasks shall be such that all such tasks shall be 
performed during a single period of activity, not more than once per day." 

Page 12, paragraph 3.5.5: Change third line to read as follows: 

"a. Simplex ASR radar MTBF (exclusive of antenna) 600 hours". 

Page 13, paragraph 3.6, line item a.: Change "Control Assembly" to "Control 
System". In item m., change "3.16.1 and subparagraphs" to "3.16.2 and 
subparagraphs". At end of paragraph, add: 

I1 p -  1 each Remote Site Equipment Cabinet (3.15.2.3.8)" 

Page 14, paragraph 3.7.1: In second line, change "3.16.3" to "3.16.1". 

Page 14, paragraph 3.7.2: In first line, change "3.16.3" to "3.16.1". 

Page 14, paragraph 3.7.5: In second line, change "3.13.5" to "3.16.5". 

Page 14, paragraph 3.8: Change line 4 to read: "circular/linear polarizers, 
and other features described herein or otherwise needed to". 



AMENDMENT-4 
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(c) Under static loading to simulate the combined effects of 112 
inch radial ice and 130 knot wind (survival conditions) the 
reflector shall survive without damage and, after removal of the 
loading, deviation of the reflector surface contour from the 
true (design) contour shall not exceed - + 114 inch. 

The simulated loadings above shall be determined to include the loadings 
caused with beacon antenna installed per paragraph 3.8.7.4 of this specifi- 
cation. The removable section of the reflector surface utilized for the test 
horn shall be removable from the rear and shall not distort the reflector 
contour when in place to the extent that antenna performance is affected." 

Page 21, paragraph 3.8 
cycle for all S joints 
as follows: 

.8.1: Adjacent to item (c) Duty Cycle, change duty 
from "0.001" to "0 .OOl5". Change sub-item (h) to read 

11s" "S" 11s" 

Joint ?"1 Joints #2 & 3 Joints 4 & 5 

(h) Attenuation  ax 0.2 dB 3!!2 0.5 dB 1 dB 
Insertion Loss) f3 0.75 dB 

Page 23, paragraph 3.8.10: Change next to last paragraph as follows: 

Item 1, place a period after MIL-C-5541 and delete the remainder of 
the sentence. 

Item 3, change to read as follows: "3. Polyurethane Enamel per MIL- 
C-38412, Type I1 or Coating, Urethane, Aliphatic Isocyanate per MIL- 
C-83286; color International Orange, color number 12197 per FED-STD- 
595, thickness 0.0020 - + 0.0006 inches." 

Page 23, paragraph 3.9: Next to last line on page, insert "(vertical)" 
between "linear" and "polarized". 

Page 24, paragraph 3.9.1: Add the 'following at the end of the paragraph: 

"The antenna shall have a median gain'of -10 dB or less relative to an 
isotropic source measured in the principal radiation plane of the antenna 
patterns associated with the main and passive feed horns. Median gain is 
defined as the level over an angular region (in this case 360 degrees of the 
horizontal plane) at which the probability is 50% that the observed or 
measured gain at any position of the antenna will be less than or equal to that 
1 eve 1 . " 
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FAA-E-2506 -6- 
AMENDMENT-4 

On page 32, delete the third through sixth sentences of paragraph 3.10.3.2 and 
substitute the following: 

"The cooling system air intake shall be internal room air and shall be 
exhausted into the room and/or the air conditioning return air duct. In the 
event the exhaust air is returned into the room, the exhaust air flow shall be 
directed so as not to impinge on personnel. The air conditioner shall be of 
sufficient capacity to handle the total building and electronics heat load 
including the transmitter unit, but the transmitter cooling air flow shall not 
be in any way dependent upon the air conditioner for providing the volume of 
air required to cool the transmitter. In the event the air conditioner fails, 
the hot transmitter exhaust air shall not be recirculated back into the air 
conditioning supply duct, but may be exhausted along with other building air 
through the emergency exhaust port. The transmitter cabinet shall maintain a 
positive static pressure higher than the surrounding air pressure (FAA-G- 
2100/1 1-3.9.5) when the transmitter cabinet cooling system is on and maintain 
at least the same pressure as the ambient building pressure at all other 
times . " 

Page 33, paragraph 3.10.3.5: Line five, delete "necessitating." Last line, 
insert "be" between "shall" and "an". 

Page 33, paragraph 3.10.3.5.2: Add the following at the end of the paragraph: 
II A wheeled cart or dolly designed to store a spare klystron plus a second 
klystron removed from a transmitter during maintenance shall be provided with 
each system. The cart or dolly shall include a plug-in ion pump power supply 
if required during klystron storage (3.10.3.6).11 

Page 33, paragraph 3.10.5: Delete period at end of sentence and add "or 
modulator pulse." 

Pages 33 and 34, paragraph 3.10.7: Delete the first two sentences and 
substitute the following: "The transmitter modulator shall be entirely solid- 
state and modular in nature so as to provide a fail-soft characteristic. The 
modulator shall consist of not less than eight nor more than 12 identical 
modules operating in parallel. At least 80% of klystron normal operating 
power (3.10.3) shall be maintained with two modules removed. This shall occur 
without resorting to any readjustment of klystron RF drive, modulator high 
voltage, etc. Temperature derating of critical modulator parts as specified 
in 3.5.3.3.6 shall be demonstrated as a design qualification test." 

Page 34, paragraph 3.10.7.1: Last line, change "3.10.2.3" to "3.14.2.1". 



Page 34, paragraph 3.10.7.2: Delete last sentence and substitute the fol- 
lowing: "A voltage divider and video test jack shall be provided to permit 
observation of the modulator pulse with safety and convenience." 

Page 34, paragraph 3.10.8: In next to last line, change "3.10.2.3" to 
"3.14.2.1". 

Page 34, paragraph '3.10.8.1: In next to last line, delete "1.15 MW" and 
substitute "10 percent above normal operating power (3.10.3)." 

Page 35, paragraph 3.10.9.1: At end of paragraph, add the following: "This 
switch is not required if arc protection is accomplished by removal of the 
beam voltage." 

Page 35, paragraph 3.10.9.2: Delete text and substitute the following: 

I I Frequency tolerance of the radiated signal, including drift from a cold start 
over the range of service conditions, shall not exceed + 100 parts per - 
million." 

Page 35, paragraph 3.10.10: Add the following under "10. Bias failure": 

"11. Focus solenoid current; 

12. Solenoid air flow 

In addition, if an oil reservoir is provided as part of the klystron 
installation, a means of visually checking the oil level with the transmitter 
in operat ion shall be provided. " 

Page 36, paragraph 3.10.11 : Delete the followimg: "6. Thyratron driver 
current (if tyratron used)" and "7. Thyratron driver inverse current (if 
thyratron used)". Change "8." in last line of paragraph to "6." 

Page 37, paragraph 3.11.1.2: Change paragraph title and text to read as - - 
foilows: - "3. i1.1.2 ' Receiver Gain ~ontroi/~-~~/~ntenna Beam Selector .-Re- 
ceiver RF gain, sensitivity time control (STC), and antenna pattern selection 
(main or passive) shall be~ac~om~lished by means of PIN modulators inserted in 
the two receive paths between the TR device (3.11.1.1) and the parametric 
amplifier (3.11.1.4). When biased for minimum attenuation, the resultant 
insertion loss of the PIN modulators in each receive path shall be as required 
to be compatible with a system noise figure of 4.0 dB or less. When biased for 
maximum attenuation, the characteristics of the PIN devices shall be as 
required to provide the receiver RF gain, STC, and beam isolation functions 
specified below. Separate and independent STC and receiver gain functions 
shall'be provided in both the high beam (passive) and low beam (main) receive 
paths for each channel." 
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shall'be provided in both the high beam (passive) and low beam (main) receive 
paths for each channel." 



Page 39, paragraph 3.11.1.5: Change first sentence to read as follows: "A 
waveguide preselector filter shall be installed between the duplexer and 
signal mixer of the receiver." Delete second sentence and substitute the 
following: "Provisions shall be incorporated to allow the preselector filter 
to be installed prior to as well as following the parametric amplifier. The 
preselector will normally be installed following the parametric amplifier; 
however, for purposes of demonstrating compliance with test requirement CS-04 
of MIL-STD-461 and MIL-STD-462, the preselector may be installed ahead of the 
parametric amplifier." Change fifth sentence beginning "The insertion 

,- loss. ..I1 to read as follows: "The insertion loss at the operating frequency 
shall not exceed 1.0 d~." 

Page 40, paragraph 3.11.5.3: Change first sentence to read as follows: "The 
output of the normal receiver shall be non-limited video, with the signal-to- 
noise ratio adjustable up to at least 8:l with one-half volt of noise." 

Page 41, paragraph 3.11.6.1: Add the following at the end of the paragraph: 

"Each MTI IF amplifier shall have two isolated, closely matched outputs to be 
used in quadrature MTI processing (3.14.2). Provisions shall be included to 
balance exactly the two outputs to insure optimum quadrature operation." 

Page 41, paragraph 3.11.6.2: Delete text and substitute the following: 

"The characteristics of the phase detectors shall be optimum for use with the 
digital and quadrature MTI systems (3.14.2 and subparagraphs). The output of 
the phase detectors shall possess a balanced characteristic with essentially 
equal positive and negative amplitudes. Coherent bi-polar video shall not 
unbalance with MTI IF gain control and limit level adjustments. Each channel 
shall include two phase detectors operated in quadrature so as to produce an 
in-phase (I) and a quadrature (Q) bi-polar video signal. Provision shall be 
made to shift the COHO input signal phase of the Q phase detector with respect 
to the I phase detector so as to result in bi-polar video signals at exact 
quadrature (90') phase .I1 

Page 41, paragraph 3.11.6.3: First line, change to read as follows: "The 
output of each phase detector shall be fed." Third line delete the following: 
"but not less than 1.0 divided by the pulse width in microseconds." 

Page 42, paragraph 3.11.6.6: Between sixth and seventh lines, insert the 
following: 



11 Receiver image rejection Not less than 50 dB a 

Spurious response rejection Not less than 60 dB 
Receiver local oscillator 
(STALO) radiation (as seen 
at receiver input terminals) Not more than -40 dBm" 

Page 43, paragraph 3.11.7.1.2: Next to last line, change to read as follows: 
"noise are equal, while at the same time ..." 

Page 44, paragraph 3.11.7.1.4: Change fourth line to read as follows: 
11 weather video shall be realigned (destaggered) digitally when. ..I1 In fifth 
line, change "alingment" to "alignment". Change last sentence to read as 
follows: "At least seven bits shall be used to represent the weather video." 

Page 45, pa 
following: 
Delete last 

ragraph 3.11.7.2.1: Delete the first sentence and substitute the 
"The dynamic range of the DLC shall be not less than 60 dB." 
sentence and substitute the following: "With the IF gain setting 

so that the A to D converter quantizes at any desired level from 15 dB to 30 dB 
below the RMS noise level, the DLC loaarithmic characteristic shall extend a - 
,like amount into the noise." 

Page 46, paragraph 3.11.7.2.5 : Last line, change "cideo" to "video". 

Page 48, paragraph 3.11.8.3.3: Add the following at the end of the paragraph: 
"The STALO shall be isolated and shielded as necessary to meet the radiation 
requirements of paragraph 3.11.6.6." 

Page 48, paragraph 3.11.8.4.1: Add the following after the first sentence: 
"Outputs from the COHO shall be utilized to generate the transmitter frequency 
(3.11.8.3.3), to generate basic system timing (3.14.1), and to generate the 
MTI canceller clock signal (3.14.2.21.'' 

Page 49, paragraph 3.12: Third link, change "antenna pattern selector." to 
11 receiver cabinet." ~ a s t  sentence, delete period at end of sentence and add 
the following: "and with the gas supply 'disconnected." 

Page 49, paragraph 3.12.1 : Add the following at the end of the paragraph: 

I I The insertion loss as measured in the forward direction between any two ports 
shall not exceed 0.6 dB." 
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Page 49, paragraph 3.12.1 : Add the following at the end of the paragraph: 

I I The insertion loss as measured in the forward direction between any two ports 
shall not exceed 0.6 dB." 



Page 55, paragraph 3.14.2.2: Second line, change "a double canceller" to 
"double cancellers". Third line, change "the canceller" to "each canceller". 
Lines four and five, change "the phase detector" to "each phase detector". In 
fifth line, change "eight" to "nine". Add the following at the end of the 
paragraph: "the canceller clock shall be derived from the COHO (3.11.8.4, 
3.11.8.4.1)." 

Page 57, paragraph 3.14.2.11: In second line, change the comma to a period 
after MTI, and delete the remainder of the sentence. Add the following new 
sentence: "A swept-frequency audio sine wave shall be provided for checking 
the velocity response." 

Page 58, paragraph 3.14.4.2: In seventh line, delete period after sentence 
ending in "isolated windows", and insert "which shall have a programmable 
start and stop range, a programmable start and stop azimuth and shall be 
independent of the ad joining windows in both range and azimuth. " 

Page 59, paragraph 3.14.4.5: In fifth line, delete period after sentence 
ending in "isolated windows", and add to sentence "which shall have a 
programmable start and stop range, a programmable start and stop azimuth and 
shall be independent of the adjoining windows in both range and azimuth." 

Page 59, paragraph 3.14.4.7: Add the following at the end of the paragraph: 

"Azimuth start shall be adjustable from 0' to 360'; azimuth extent shall be 
adjustable from 16 ACPs up to 1024 ACPs in increments not to exceed 16 ACPs." 

Page 59, add new paragraph following paragraph 3.14.4.8: 

"3.14.5 Video realignment.- All videos shall be realigned digitally to within 
0.2 microseconds as seen at the output of the control and interface assembly. 
An isolated output of each realigned video signal in digital form (taken prior 
to the D/A converters) shall be provided for use by external equipment. These 
outputs shall be available at appropriate connectors or terminal boards." 

Page 60, paragraph 3.15: Change the firs't two sentences in this paragraph to 
read as follows: 

"The T/R subsystem control and interface circuitry includes, but is not 
limited to system control circuitry and associated DC power supplies, channel 
selection circuitry, video and trigger line drivers, azimuth data line drivers 
and video isolation amplifiers." 
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Page 68, paragraph 3.15.2.3.2: Line 12, change to read as follows: "to the 
characteristics (except amplitude) listed in 3.15.2.2.1 for any length of". 
Change the eighth sentence, starting in the tenth line, to read as follows: 
"In the case of single-channel operation, the signals from the active channel 
shall be selected as output signals; in the case of dual diversity operation, 
the output signals shall come from the master-channel." 

Change the ninth sentence, starting in the fourteenth line, to read as 
follows: "Isolated output jacks as required to fully monitor system operation 
by use of the maintenance PPI shall be provided (3.16.2.5).11 

Change the last sentence to read as follows: "Isolated outputs of the antenna 
azimuth position data shall be provided for use by the maintenance PPI 
(3.16.2.5).11 

Page 69, paragraph 3.15.2.3.3: In line six, change "2V" to "4V". 

Page 69, paragraph 3.15.2.3.4: Change the first sentence to read as follows: 
"TWO each azimuth data pulse amplifiers shall be provided." Change the sixth 
sentence starting in line 12 to read as follows: "Provisions shall be made 
for switching either amplifier to the various points required at the local 
site." Add the following to the.end of the paragraph: "Signals intended for 
use at the local site shall be fully isolated from those intended for 
remoting . " 

Page 70, paragraph 3.15.2.3.6: In last line, change "3.15.2.2.3" to 
"3.15.2.3.3". 

Page 70, paragraph 3.15.2.4: Change seventh line to read as follows: "link 
remoting of normal, MTI and beacon videos, radar trigger, and APG information. 
The". In the fourth sentence, line eight, change "Control interface assembly" 
to "control and interface circuits". Change the ninth line to read as 
follows: "MTI video, APG information and aligned radar pretrigger (60 or 100 
microseconds) for routing to a microwave link via". After the period in the 
twelfth line, add the following new sentence: "The ACP and ARP level shall 
not be less than the levels specified in 3.15.2.2.1 and need not be variable." 
At the end of the paragraph, add: "At the remote site, provisions shall be 
made to feed the ACP and ARP information directly from the microwave link into 
the azimuth data distribution amplifier assembly, bypassing the azimuth data 
pulse shaper amplifiers." 

Page 72, paragraph 3.16.2: On line nine, change "plus or minus 0.2°11 to read 
"plus or minus 0.5'". 



Page 73, paragraph 3.16.2.3: Change third line to read: "3.17.1.8.1, 
3.17.1.8.2 and 3.17.1.8.6 is not required; however, the power supplies". 

'Page 73, paragraph 3.16.2.5: Change the first sentence to read as follows: 
"Appropriate connections shall be provided for all inputs (including power) 
for the maintenance PPI on the front of each processor cabinet". Change the 
last sentence to read as follows: "Provisions shall be made to conveniently 
observe all system videos prior to selecting them for remoting." 

Insert the following new paragraphs after paragraph 3.17.1.10: 

"3.17.1.11 Electrical Load Characteristics. 

3.17.1.11.1 Electrical Load Balance.- When equipment requiring three-phase 
power is comprised of several single-phase subassemblies the single-phase 
loads shall be balanced among the three phases as closely as possible, so that 
the total load on any one phase does not deviate from the average of the three 
phases by more than 10 percent. 

3.17.1.11.2 Power Factor.- The equipment shall be designed so that it 
presents a power factor.not less 'than 80 percent lagging when operating under 
normal test conditions (FAA-G-2100/2, paragraph 1-3.2.22). 

3.17.1.11.3 Start-up Surges.- The peak inrush current during a start-up shall 
not exceed five times the normal peak operating current. The duration of the 
inrush current shall not exceed eight seconds (return to 110% of nominally). 

3.17.1.11.4 Effect of Equipment on Power Source.- The total rms current 
generated at service conditions by the equipment and fed back into an AC 
supply system with linear impedance characteristics shall not exceed five 
percent of rms full load current." 

Page 79, paragraph 3.18.1: First line, change to read as follows: "Equipment 
cabinets, except as noted in 3.10.1 and 3.15.2.3.8,". Change sentence 
beginning on eleventh line to read as follows: "The door half of the hinge 
shall be secured by means of screws or nuts and bolts, with sufficient play to 
permit proper door alignment; the cabinet half of the hinge may be bolted or 
welded on." In line 16, change the period to a semicolon and add the 
following: "however, termination in a different manner will be considered for 
the control and interface cabinet (3.15) and the remote site equipment 
cabinet ." 

Insert the following new paragraph after paragraph 3.18.1.5: 
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Page 79, paragraph 3.18.1: First line, change to read as follows: "Equipment 
cabinets, except as noted in 3.10.1 and 3.15.2.3.8,". Change sentence 
beginning on eleventh line to read as follows: "The door half of the hinge 
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the control and interface cabinet (3.15) and the remote site equipment 
cabinet ." 

Insert the following new paragraph after paragraph 3.18.1.5: 



11 solid part mounting structure, with adequate protection for printed wiring 

and small parts when inserting, removing or during handling of modules after 
removal from the equipment. 

Module Removal and Insertion Damage - All equipment shall be designed 
to enable the removal and insertion of modules and printed circuit 
card and without causing or inducing damage to any eqiipment external 
to the module or printed circuit card. 

Induced Transients - A means shall be provided to enable the removal 
or insertion of any off-line module or printed circuit card without 
generating any logic or electronic disturbance that may affect the on- 
line system operation. 

3.18.3.2 Mounting.- Plug-in modules and PC cards shall be mounted side-by- 
side, bookcase style, in an assembly, and shall be equipped with chassis guide 
strips or rails (or both) and mating connectors, as are necessary to ensure 
positive alignment of the module connector with its mating receptacle. Quick 
acting fasteners shall securely lock front panel type of plug-in modules and 
cards in their operating position when the average withdrawal force is less 
than 10 pounds. 

3.18.3.3 Connectors.- The connector receptacles shall contain a polarizing 
key and the key location shall be different for each different type of module 
and card. All assemblies of the same type shall have the same polarizing key 
location to ensure insertion of the proper type. The keying method shall not 
reduce the number of connector pins. Mating cojnectors shall be designed for 
repeated use with the modules and cards to ensure long-term reliable perform- 
ance, and with suitable mountings to permit insertion without jamming or 
otherwise damaging the connector elements. 

3.18.3.4 Module/card extenders.- A module/card 'extender' shall be supplied 
for each type of module/card. An extender consists of a printed circuit board 
(not keyed in order to permit insertion into any connector) provided with 
printed circuitry and coaxial leads to extend all plug input points across the 
board to a receptacle on the opposite end, into which receptacle a removed 
assembly can be plugged. The extender thus provides an accessible active 
operating position for any assembly normally inaccessible for maintenance and 
test while within the bin. Provisions shall be included to prevent a module 
or card from being improperly oriented (for example, a PC card reversed) when 
the extender is in use. No derogation of system or module performance shall 
result from proper use of the extenders. 

3.18.3.5 Solderless wrapped electrical connections.- Solderless wrapped 
electrical connections shall be used only for backplane wiring using appropri- 
ately designed wraposts (terminals). 

Solderless wrapped electrical connections shall be in accordance with MIL- 
STD-1130. Copper conductors shall be annealed, oxygen-free high conductivity 
solid copper wire as defined in ASTM-B224. For AWG-28 and smaller wire, the 
following modifications to MIL-STD-1130 apply: 
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3.18.3.7 Ferrous materials.- When ferrous materials are used with prior 
approval of the Government, they shall be in accordance with MIL-STD-454, 
Requirement 15. 

3.18.3.8 Wire identification.- Color coding is not required for wires used in 
backplane wiring. This modifies paragraph 1-3.10.6 of FAA-G-2100/1. 

3.18.3.9 Printed circuit cards.- Single layer printed circuit cards shall be 
in accordance with the requirements of Specification FAA-G-210014. Multi- 
layer printed wiring boards shall be in accordance with the requirements of 
Specification MIL-P-55640 in addition to FAA-G-210014. Screwdriver adjust- 
ments required for alignment shall be held to a minimum; however, when 
required, such adjustments shall be made on the circuit card. All cards shall 
use a common position on the connectors for the power supply and ground leads. 

3.18.3.10 Air filters.- Where disposable air filters are used, they shall be 
in accordance with Federal Specification F-F-310. This modifies paragraph 1- 
3.9.4 of FAA-G-2100/1. The air filters shall be removable from the outside 
(exterior) of the equipment cabinets without the necessity of opening access 
doors or moving any other equipment cabinets. 

3.18.3.11 Transformers.- Delete paragraphs 1-3.16.14 and 1-3.16.14.1 of FAA- 
G-210011 and substitute the following: 

Transformers, inductors and coils.- Transformers, inductors and coils shall 
be in accordance with MIL-STD-454, Requirement 14. In lieu of tables 14-1 and 
lr-I1 of Requirement 14, the table below applies. Transformers and inductors 
used for audio, power and high power pulse shall have solder-type or screw 
terminals (life test and corona test not required unless specifically required 
in the detail equipment specification). Single phase AC line operated 
transformers shall not have more than three secondary windings and one center- 
tap. 

SPECIFICATION GRADE TEMPERATURE CLASS 

MIL-T-27 1 4 or 5 R 
MIL-T-390131 4 or 5 R 
MIL-T-21038 4 or 5 R 
MIL-T-39026 6 or 7 R 
MIL-C-15305 1 B 
MIL-C-39010 - B 

'~ife expectancy X 
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3. Synthetic alkyd urea enamel made by Andrew Brown Co. (B440) or 
equivalent, color brown, color number 30372 per Federal Standard 
595, thickness 0.0009 to 0.0013 inches (applicable to smooth 
surface only, - textured surfaces vary in thickness). 

4. QUALITY ASSURANCE PROVISIONS 

4.1 General.- The contractor shall establish and maintain a quality control 
program in accordance with FAA-STD-013. Quality assurance provisions speci- 
fied in Section 1-4 of FAA-G-2100/1 shall apply. The contractor shall submit 
test plans and test data sheets for approval by the Government. These tests 
shall consist of the following: 

# 

Test - Reference Paragraph 

(a) Quality Control (Inspection) 4.1 
(b) Preliminary tests FkA-G-2100/1 
(c) Design Qualification tests 4.7 
(d) Type tests 4.3 and 4.8 
(e) Production tests 4.4 
(£1 System Reliability Demo 4.5 
(g) Corrective Maintenance 

Demonstration Task 4.6 

Tests specified in (a) and (e) above, shall be conducted on each equipment 
procured under this specification. Tests specified in (b), (c), (f), and (g) 
above, shall be conducted on the first system. Test (d) shall be performed as 
required in FAA-G-2100/1 and the number of applicable systems will be depend- 
ent on quantity specified in the contract schedule. Modifications to 
equipment generated as a result of any tests shall be incorporated into each 
system delivered at no additional cost to the Government. 

4.1.1 Procedures.- Submission and approval of test procedures shall be as 
specified in FAA-STD-013a. 

4.2 Unused. 

4.3 Type tests.- Type tests under the service conditions (3.2) shall be 
performed in accordance with 1-4.3.3 and subparagraphs and 1-4.12 and 1-4.12.1 
of FAA-G-2100/1. One complete channel and the common equipment of each type 
test system are required to be tested under service conditions. The second 
channel shall be connected to the first channel and operated under normal test 
conditions, or alternatively, signals and other inputs from the second channel 
may be simulated. Antenna type testing may be performed separately; however, 
the type test system shall be connected to an installed and operating antenna 
so as to provide a true operating environment. The channel being tested under 
service conditions shall be selected as the master channel. Complete systems 
or additional items of equipment scheduled for shipment subsequent to the 
system being type tested shall not be accepted by the Government nor shipped 
from the contractor's plant until the type tests have been completed on one 
system and the type test results determined to be satisfactory by the 
Government. 
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4.7.4 System coverage verification.- Unit and system performance character- 
istics shall be measured as necessary to verify the specified system coverage 
(3.3.2). Utilizing the actual measured values, range calculations shall be 
performed, with the results verifying the requirements of 3.3.2. 

4.7.5 Vibration and noise .- Antenna assembly noise measurements shall be 
performed to determine compliance with specified requirements (3.8.2.6). 

4.7.6 Antenna median gain.- Antenna median gain shall be measured as a design 
qualification test.' Data shall be recorded as necessary to determine the 
antenna median gain (paragraph 3.9.1) over 360 in the principal azimuth plane. 
The median gain specified in paragraph 3.9.1 is not a requirement unless 
specified in the contract; however, range instrumentation and data recorded 
shall be adequate to determine whether or not the median gain is at the -10db 
level. 

4.8 Type test requirements.- The contractor shall submit type test procedures 
?, and test data sheets for approval by the Government. As appropriate, system 

performance tests shall be made in all modes of operation, i.e., single 
channel/dual diversity; in phase/quadrature MTI; unstaggeredlstaggered PRF', 
etc. All the following paragraph references hereunder shall include subpara- 
graphs thereto. Type tests shall consist of the following: 

Test - 
Transmitter peak power 

Pulse width 

Noise figure 

Minimum Discernible 
Signal (MDS) 

MTI system 

Factory run-in test 

Operating characteristics 
(Rotary joint) 

Azimuth pulse generator 

Antenna (electrical) 
pattern tests 

RF pulse spectrum 

Transmitter output tube 

Frequency tolerance 

Receiver gain control/STC/ 
Antenna beam selector 

Reference Paragraph 



4.7.4 System coverage verification.- Unit and system performance character- 
istics shall be measured as necessary to verify the specified system coverage 
(3.3.2). Utilizing the actual measured values, range calculations shall be 
performed, with the results verifying the requirements of 3.3.2. 

4.7.5 Vibration and noise .- Antenna assembly noise measurements shall be 
performed to determine compliance with specified requirements (3.8.2.6). 

4.7.6 Antenna median gain.- Antenna median gain shall be measured as a design 
qualification test.' Data shall be recorded as necessary to determine the 
antenna median gain (paragraph 3.9.1) over 360 in the principal azimuth plane. 
The median gain specified in paragraph 3.9.1 is not a requirement unless 
specified in the contract; however, range instrumentation and data recorded 
shall be adequate to determine whether or not the median gain is at the -10db 
level. 

4.8 Type test requirements.- The contractor shall submit type test procedures 
?, and test data sheets for approval by the Government. As appropriate, system 

performance tests shall be made in all modes of operation, i.e., single 
channel/dual diversity; in phase/quadrature MTI; unstaggeredlstaggered PRF', 
etc. All the following paragraph references hereunder shall include subpara- 
graphs thereto. Type tests shall consist of the following: 

Test - 
Transmitter peak power 

Pulse width 

Noise figure 

Minimum Discernible 
Signal (MDS) 

MTI system 

Factory run-in test 

Operating characteristics 
(Rotary joint) 

Azimuth pulse generator 

Antenna (electrical) 
pattern tests 

RF pulse spectrum 

Transmitter output tube 

Frequency tolerance 

Receiver gain control/STC/ 
Antenna beam selector 

Reference Paragraph 






